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ABSTRACT

LEE, Min-jai, BONG, Soon-Woo & LEE, In-Kyu, (Dept. of Botany, Seoul Nati-
opal Univ.) An analytical studies of fres amino acid and its relationship among the
main groups of green algae (III). Kor. Jour. Bot, V (3):25—29, 1962.

Succeeding the previous papers, nineteen species of marine grcen algae and three
species of fresh water green algae are analyzed _to the [{ree amino acid patterns
by paper chromatogram, and it has been described as containing significant gqualit-
ies of the pattern in relation to phylogenetic studies. Those seem to have a tende-
n¢y of recognizable pattern on inter-Orders and inter-Phyla of marine algae. And
the patterns of fresh water and marine green algae are also carried out referring

to these studies.
INTRODUCTION

It was shown in the preceeding papers? 2 that the amino acid pattern on each Qrder and Phylum
0f marine brown and red algae, are presumed to have a certain significance in relation to phylogeny.
Particularly, the characteristic occurance of certain amino acids such as ornithine and citrulline,
which are known as essential substances in the ornithine Kreb’s cycle and their distributions are reported
-only in a few species®t)5)6), are broademed their appearances in many species by the studies of
aythors.

In addition to previous works, the studies concerning nineteen species of green algae are carried out

-in the present experiment and our results are discussed herein.

MATERIALS AND METHODS

The materials used in the present experiment are; 19 species kelonging to 3 Orders, 5 Families of
marine green algae and 3 species of fresh water algae. And its classified taxon is shown in Table 1.

The localities and the date of collected materials, and the experimental methods are same as previous
works.

This work has been partially supported by the grant of Graduate School, Seoul National University, 1962.
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Table I, Classification of the given materials and its Iocalities

Order Family Genus & Species Localities™
Ulvales Monostromaceae Monostroma  arctinm P
Ulvaceae Uiva pertusa (B) (KD (D)
U. conglobata @
Letterstedtia  japorica (@)
Enteromorphe  compressa D)
E. linza P,
E. intesiinalis (P (D) (-
B, crinita (B (I
E. prolifera @)
Siphonecladiales Cladophoraceas Cladophora densa [ODNE))
C. utriculosa 49
C. uncinella ®
C. rudolphianc D)
C. gracilis (@3]
Chaetomorpha mowniligera D,
Siphonales Bryopsidaceae Bryopsis pulmosa ™
Codiaceae Codium contractum (P
C. Jragile @™ K
C. fomentosum @
¥ Spirogyra sh. I
S. sp. 1T

Zvgnema  sp.

*(P); Collected at the coast of Pusan, (K); at Kangnoong, (D); at Daechun.

** Presh water algae.
EXPERIMENTAL RESULTS

The total number of free amino acid constituents in 19 species of given materials are identificd as
28 kinds, including 3 unknowns.

As in the following Figure, the distribution pattern is scmewhat similar to brown and red algae:
except the unknown D, to be newly identified as a chondrine which occurs only in one sgecies of.

the given green algae, Lefferstediia jeponica.

Fig L. The free arnino acid pattern of green algae : 1. aspartic acid 15. tyrosine
Y 2, glutamic acid 16. proline
3. serine 17. tryptophane
) 4 glyeine 18, wvaline
= A A 5. arginine 19. leucine—isoleucine
& (j:'_) 6. asparagine 20. phenylalanine
) =
= GD . . . .
g ~ ) 7. ornithine 21, methionine
k] @ o 8. threonine 22, cysteic acid
3z @ 7 9. alanine 23, diiedotyrosine
o .
s D @ &> 10. glutamine 24, cystine
E @%@ 11. lysine 25, unknown A,
= Tz 2 citrnill 2 IOV
A | ) > D @ 12, c1._uf,1ne 26. unknown B
=4 13, histidine 27. unknown C
14, S-alanine 28. chondrine

Phenol water sol.
The revealed each amino acid in each species has peculiarity that f-alanine is detected conspicu-
ously high in its frequency of occurance, while the rest of them are more or less similar to the other
Phyla of marine algae. And the detailed results are shown in Table IL
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Table I1. The free amino acid distribution on each species:

N ; [
., o o i
Material P &
g IS £ i
-3 v e "
5 5% | SR |5
. kS a8 g Sl gl 3 |
™ - LY =1 B B2 2 0w i .
\\\ o -S o ey ‘gw g - 9.:: E H | 'S, a
. o w2 = ‘ 3| Bl &= = ’ ;
: R R EEEE L E R TN
AN R R R RE R RN
. _— B B3 S & R[S S SE Y N EE s iyl
Amino acid g NI R QQ"% F R N owE %,-% \,.";_535._. E‘%a
P IR 4 N Y R A (3 I S (R oo &,
R S EN IR I RS R RIS RS S B AN
Aspartic acid + ] ]+ +\+\+ R IR s S [ e e L AR
Glutamic acid ++‘+‘++++’++++++++++‘+‘+19‘ +1+
Serine B o e I B e e i A S B S A S o IO A e e
Glycine +++++++\++++++++‘++;+719‘+++
Arginine I I A R R i & I S
Asparagine R A A I A e +‘+ L I
Orinithine + |+ R T S B
Threonine I e I S S S e o e Bl B +‘ St ol e e S I +| |+
Alznine ++++++++++++++,+‘++‘+1+191 + + +
Glutamine +++++‘+++++++++‘+++;+‘+19; R
Lysine + +| + o=+ T + + | 1]+
Citrulline N i it i e I S I S i +
Histidine ] ]+ o+ R R IS B
f-Alanine L RV S e +‘+++’+‘+18 P+
Tyrosine B R R R R o A R T R R
Proline IR I N T A I o B e Il e e 0 R B
Tryptophane + e bt T o I N S A IS R
Valine S AR A A A S B i o A ol B I R T i
Leucine-isoleucing B R T i e S I S I B o I B LA o B ot 4+
Phenylalanine +| +|+ | + ++] + +‘ = 9 4+ +
Methionine + ‘ + l 3 4
Cysteic acid +! + | “i"\ 4 4_‘ L+
Di-igdotyrosine + +) +] ; 3
Cystine -+ + +| T +| A L0
Unknowa A + -+ i T O Y
o B + + + + +H 4+ 7 +
” c + o+ o+ + + g
Ckondrine -+ \ ] | il
Total | 19 17] 21] 20] 17 18] 18] 17 18] 19 20 20/ 18]'19] 20/ 21] 21 21] 22 201917 ]

# Fresh water alpac

Furthermore, the distribution of amino acids and their relations among inter-Orders, inter-Families
and inter-Genus are summarized in Table IIL

In those results, it can be found that the free amino acids, which are detected throughout all the
experimented species, are revealed as eleven kinds; aspartic acid, glutamic acid, serine, glycine,
arginine, threonine, alanine, glutamine, proline, valine 2nd leucine-isoleucine, while asparagine is
appeared eveéry species except one, Leflerstedtia japonica. and F-alanine except Cicdopiiora wiric-
ulose. Citrulline and tyrosine are appeared in sixteen kinds of given species, and ornithine, lysine,
histidipe, tryptophane, phernylalanine, cystine and unknown A are distributed about half of the given
species, while unknown B and C are comparatively less in their occurances.

The rest of them, methionine, cysteic acid, diicdotyrosine and chondrine, are detected only in one
or two species.

DISCUSSICON AND CONCLUSION

Tt is interesting that our present result, finding occurance of eleven kinds of free amino acids—essentidl
according to our results—is opposite to our previous works dealing with twelve kinds in brown and red

algae, In this investigation carried out in all green algae, neither “tryptophane appeared in red algae,
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Table III, The distribution of free amino acids in Order, Family and Genus.
Order | “ i . ‘ .
\ T ,[ Ulwvales Siphonocladiales Siphonales
an.m1 ;m![ ;‘ {

. ) Vgﬁfggﬁg_ Ulvaceae , Cladophoraceae f;ggf;g Cceoa’?“'
A genus | Mozno- \H Letier- Entera—i‘ Clado- [Ckaeto:‘ . .

Amino acid \~\ ) siroma “‘/ Ulva | sedtia morpha J‘} Phore Jmorﬁ!m BryopsisiCodium

) i \

Aspartic acid ‘ - ; + + + !" + -+ e +
Glutamic acid | + + + + | + + + +
Serine ‘ + ‘ + + - + + -+ +
Glycine + - + + + + - - +
Arginine + 1 + + + + ! + + +
Asparagine - ‘7 o + + — + —
Ornithine - b + R | R - R
Threonine + + + + - 4 _ .
Alanine + l + - I + + . -
Glutamine o + + -+ + + - .,
Lysine o ‘ R + 3 R + — _
Citrulline - R - + + + ‘ + -
Histidine “ - 11 + + R R o L R
f-Alanine |+ ‘i' + + + R + ! . -
Tyrosins i + =+ o+ R -+ ! + R
Proline H + + + RS + o 4 -
Tryptophans ' - ‘i R + R R - }.‘ - -+
Valine | o + -+ + ‘ - + + +
Leucine-isoleucine : + H + + + M + + + +
Phenylalanine \! + i - - — “ R o “ + +
Methionine H - H - . R - — - _
Cysteic acid b - ' R S - - = R
Diiodotyrosine \J + ‘ - - R ! - _ ‘ _ _
Cystine h — H - - R J R — + +
Unknown A I + }\ R - R R - - +
A [ e e N I R R B
” C ” - ' R + R R - + -
Chondrine i — - + - - - _ J _

__The mean of Genus ‘{ 9l a9l ool 18] 100 1l m u1s

7 of Famjly H 19/ 18.6 19.2 ‘ al 213

” of Order ‘(;_ 18.7 19.2 [ 21.3

Total mean

19.

nor asparagine in brown algae are

appeared throughout all the given species, but they are happened to

occur random distribution in both, however, cystine, not the essential of brown and red, has appeared

essentially in green algae, and these are revealed as ones of the conspicuous characteristics of green algae.

The average occurance of these amino acids throughout the given species is somewhat higher than

those of red and brown algae.
brown is 18,88 of amino acids.
Species 1s shown in Table 1I1.

In green algae, it is estimated as 19.37,

while red algae is 19.03 and

And their average frequesncy of inter-Orders, inter-Families and inter~
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As in Table I11, the present study may reconfirm our results of previous works; the average [reque-
ncy of Order or Family increases in parallel with occurance from low level groups to higher groups of
algae. For instance, the average occurance of Ulvacese is the lowest of the five Families, 18.6, and
Codiaceae has the highest fregency of £1.3, while Cladophoraceae, to be occupied between the above
two Families, shows medium frequency as 19 2,

The previously reported unknown D was identified to be L-l-sulfoxythiszine-3-cartoxylic acid,
which was named “Chondrine” by Kurivama et al” as a new amino acid, because its specific reaction, its
Rf value and characteristic ¢color with ninkydrin on paper chromatograms, was the same. Furthermore its
dark bright blue coler with niphydrin was decayed scon and becamec brown by continucus heating, Howe-
ver, this amino acid was found in red alga, Chondric crassicaniis, its distributing frequency was high
in brown algae. According to our research, only one species, Leltersiediia japowica, has this peculiar
amino acid.

No lysine and tyrosine, in Mazur’'s report,® are found in Genus Ulva, but in our research the former
was indentified in Ulve conglobata and the latter was detected in both, Ulvae pertusa and U. congiobata.
A results of Qgino, ® studing nine species of green algae, are somewhat different {rom our investigation,
for example, in his work Ulva pertuse has only seven kinds of amino acids such as glycine, alanine,
gerine, glutamic acid, cystine, arginine and ornithine, but our present rassearch reveals that its consti-
tuent is analysed to as much as seventeen kinds of free amino acids.

The frequency of occurance of f-alanine is conspicuously high compared with that of brown and red
algze, but citrulline and ornithine show medium frequency of the appearance hetween the above two,
while diiodotyrosine shows the lowest in its appearance ratio.

To compare with the results of fresh water green algae, there is no distinctive difference on the pat-
tern of essentizl amine acids between two groups, however, diiodotyrosine, unknown A, C and chondrine
which are presumed to occur only in marine azlgae can not be [ound in fresh water algae, although

ornithine and citrulline show random distribution.
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