AETHA A 284 A4z
Korean J. Bot. 28(4): 305-315 (198%)

ERIEEN T2 Scenedesmus quadricauda(Turpin)
de Brébissonl} Scenedesmus armatus(Chodat)

G.M. Smithe| reER

E & Rk L@
GRUATFAe MRS EHEH)

Morphological variation of Scenedesmus quadricauda
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ABSTRACT

Morphological variations within the species of Scenmedesmus in Korea, S. armatus and
2 strains of S. guadricauda were investigated. Taxonomic characters such as length of
long spine, ridge, unicell-colony tramslormation, and colony types were compared. The
length of long spine was constant, whereas the distribution of the spine varied with
the age of culture. Ridge and short spine in S. armatus occurred constantly, whereas
those in S. guadricaudn varied with the composition of the media and age of culture.
Strains CY-1 and CY-2 showed 6 different colony types in the statiomary culture, whereas
8. armatus formed only two types, armatus and armatus-longus types. All strains showed
unicell-colony transformation. The cell became minimum when the daughter cell was

released, and reached maximum at division.

Scenedesmus<; 2 w5 9 Eoke] Hi] E2EE =25 24 Chlorococcales(H)2] Scene-
dosmcenc (B)e) 407 SeemedesmustS] $RE AZS Tk 27, 7 o449 A%
Fo AN FF, ATV BEES §F S oo o Fol i Smith(1916)5
Uherkovich (1966) = <] 8 524 A" HAR2 Hol Scemedesmuss o) A WA o] L
st x, d FE8 EFAER F2 @EEstsd o] 2458 A48z glvk 28] Chodat
(1926) = U 7| Seenedesmusz A v okalmi ook A6 we} =z EAo] Hae s
G=d 53| Dactylococcus, Chlorella, Qocystis, Ankistrodesmuss T ATy &8 82
grg) 0wl Trainor and Hilton(1963), Swale(1965) 2 Trainor and Rowland(1968) == 4
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W ool kg Fobe] g ESh FAS] AAo] sbeste] o] &E A2 AEAY A4 gALE
Wi v Q. 2 2o FAEE 6 dFE Ezle Az et AFue] ¥4 Zol

W gk 2} weha WL wdlw 9ok (Trainor, 1963, 1964a, 1964b, 1964c, 1965, 1966,
1969, 1971; Trainor and Rowland, 1968; Trainor et al., 1976; Trainor and Silver, 1981).
RIMEE Scenedesmusro]| FHatols 27k AF AANA A= & 34%F 288F TET 4
WEFo] wEE g (43, 1968, 1969, 1979; AF, 1970, 1979; #A-#+73, 1981; A=
g« AF, 1082) L & S. quadricaudad| A vy 893 23T 3 EFo] dEsleEsd EF2

-?-gaﬂa 0] 7} r1HE— 2 F3 9ok,
o] ke Eglo] MEEE Scenedesmusfy F A7k

"é'}l 155 ’“é%iﬂr o ZAEszA A=FHe 59 5l

il HEr] st RFEE 2 WEREK AE & 53 U;'i KiHie} agingol
o Azye) W, 53 R 7 2 4w $4S EEETHREEI R B

]o

M H Hik

BoPigee]l A9 AlRE 19829 395E 19839 11974 W mRES, A5T ¥ A
O % HoA A3e #elch 3 A5 Modified Bristol's Medium (Starr, 1964)-2 A}
g5t 2742°C8] GLAA 4,000 lix BA HS, 15:99FA 5l A S
armatus®) 1 strain®} 8. guadricauda®)| 2 straing 44 Z-2)8tg o (Table 1).

Table 1. Isolates of Secenedesmus from several localities in Seoul and ad]acent area

Strain Locality
S. armatus Chungpyung
8. quadricauda
st. CY-1 Kyunghock-kung
st. CY-2 KyungHee Univ.

YR NG, WifEY TMREEE 53] BiARY £Rs #EnEE s Sed =
S5t ol BA FEst ohE 2R KE AREsrg sk (Table 2).
Dilute media
1% modifide Bristol’s medium (Starr, 1964)
Medium 3.07 (Trainor and Schubert, 1974)
Soil water
Enrichment media
Modified Bristol's medium with fish food
Complete medium with 0. 19 glucose (Trainor, 1964a)
Modified Bristol’s medium with 0. 05% pepton and 0.05% glucose

o] 4 RE K BIEZE/Z 16 Lol A 1550 2 Feaent dilute mediaz 15 Lb.
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Table 2. The composition of culture media for Scenedesmus

Medium (salts in mg/1)

modified Bristol's complete 3 d7 o
NaNO3 250.0 — 2.0
NH;NOa — 300. 0 —
Mg50,. 7H.0 75.0 300.0 1.0
K.HPO, 75.0 100.0 0.03
KH.PO, 175.0 100.0 —
CaCl,, 2H,0 26.5 - 0.03
Nay citrate — 500.0 -
Trace mix* yes yes yes
Tris — — yes
pH 7.0 7.0 8.0

* Proposed by Watt and Fog; (1966
o4 1058 27 @5 gk

s Hel g straing Rz o A A o)A 2 27-42°C, 4,000 lux A FIE, 15:9
BFr| el A wfokatgd el Zl 2ol AiEd, HBIEUR 9 Az 27 5& 498 93
o} synchronized cultureZ A AdlgEd oidd EEY) B9 39 AZE A2 EHe] o
Aekg et o)y AlESFE 2.5%X10° cells/mlE  FA 3223 &g o] synchronized culture
of 352 AEE 9h=4 3UAFEH A2 el &AL BE A 29 HBH/F 224
HxE {4989 39 agings] w2 Az 2ok, wAZdA AR A D SR
9 BESMAE 2ABLY] $8te] wiokdg PolFA gz E—F =73le]4 stationary
culture® A A st =v] AE£A8 AZTFE 2.5x10° cells/mlz &4 o).

Az BlsEr Sk 53 Fﬁ:/Lé"v?p‘:l B Y w2 Axs, Zhd Axe i
of & &2 7FAs gAY dF4-S: HAZEr] 99y 7‘1_%5;!5655(?‘4' EEEFEREE
& Afatgn. EEBTEME B 288 A5E 7] Re) el #a cover glass z 7t
Ao Azt ZAA @E ARE HEE 28 2~3AR A %o -"3‘7] 7&-’3‘— A7l T o
= $843to] Akashi ISD-Ds-130 AEBETEHECE A2 a

el #Al.  ScemedesmusfFe] LAl FAWEEAE Az Rk, 71 744, FL oo}
A 2 R Tol EESHA AR As ged £ Aol ALwm fEe] W BEW A
< 5 Ak

S._armatus (Chodat) G-M. Smith: AEAE 2, MEY Az2d HHEEA & Az
BRI el @Rl = AR Migd 71 71471 A4 3 g F /ﬂli-«l
Azl Mike AR [ERE dod PR me FHA gL W= gh
A28 Zol& 1L8~18 um, A A o] 4,2~7.4pm, 71 7442 Aol 14 yme) 2} (Fig. 6-3a),
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S. guadricauda(Turpin) de Brébisson: e 2, 4,870 AERE = 477 BEe)
ot Aze REREBeE MU Ml 21 A7 A4 b gk AFdAY Az
i Letz AEe) Zol& 9.8~15um, FHZAo] 3. 1~7.0pm, 71 7} Aelx 10.2 pmo]r}
(Fig. 6-11, 2).

&EA. SrEEEl 3 straing B5 24F:RS BEHIE MMESEL, RERES R R RE,
BREGBRE = Fo] ota] 244 75te) AZzrh 4555t Sgieh B A#E] & 14733
25 AzAEde] RA= B 4 BT 9 8% Azr 2@ £A e 414
B dAE A A 9 e dojvhn ol TulA F9ol fiEeE deoirt
BE Y A x5 BflaR 1702 vl Gtk Scenedesmusiiol A &) TERERK-S BLAINE
Kol A o] Fol A IRAEAEZT AHE HAlE ol 4 B2 2719 MAEC BRE ol F AU
Biel whetAdE 479 Al=z5 0 deold iz fEr s sted HEETE B
Wzel FEEMEE EMEY ol 4 B3] deldsh synchronized cultures] 4 2 £
Hel v} E Rl BB MEURHLS Table 37 Zt).

Bristol’s medium, o] =o]2 = 3 Bristol's medium T complete mediume] A= =
= Bl Pz @adsig .ot dilute mediaql 19 Bristol's medium, medium 3. 073 ¢
REAAE BTl 949 AL T WEE WAL B $E ¥e Fu
e e He| FFHEm 2o Ak =3 Bristol's mediume] 0,05% glucosest 0.05%
pepton-g- 7} Boithel A& B Te] A ek

i, stationary cultured] A Bgfiffe] Aol wE fimel FEY FoASE HA
ot €5le] S. guadricauda st. CY-1-2 Bristol's mediume]] 4] u] ek#te] @A A= Fig.
15} R,

TSl o2 Hidel o ak FEEY v E(%) 2 el ed HEA 16%e) A 1DA
80% 2 HEIEL AF Fob Fx7t TelAA 18Ul 98% Aol Batglst. M &
2080 #ARe T AS FUtd e AL 4~5AKY F7 £E5 2F ol E Hol g
o B EREY B Seob vx BEEiibe] A4F Fobdidl o] A2 HAR
A FFEsHe Scenedesmus?t o) -3 BERGREER DT A #AdAd 44E £ 9
£ Aol H.

e K & straing Bristol’s mediumof] 4] 48] stationary culture® wj A=
Ao e tA PR whedt Rk (Table 4, Fig. 6).

Table 3. Unicell-colony formation of S. guadricauda st. CY~1 in different kinds of media

Media Unicell Colony
Bristol's medium + +
Bristol's medium with fish food ‘ + -+
Bristol's medium with 0.05% pepton & 0.05% glucose I —

Complete medium +
1% Bristol's medium -
Medium 3.07 _
Pond water _

T
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S. armatus= ZHARAE armatus$} armatus-
longusBlb-e &gtstel o] MAIBEL RE | o mON A
A ALdLe & 4 dHe S quadricauda
st. CY-13} st. CY-2¢] 4= 67}%) 2] =hepal
q9 TAE A4 dHA e Hely
o] F-& HAFl ol F armatus-longusil
FEo] Ta BEWH T #ds=g

T
1]

COLONY
NUMBER{LaG2}

—
1=
M =719 B, MRS REEME
% 20l 47 9 A AN 2ole @
5 #A% A A Table 59 7o)
EHfilfel 4 e B REREE : : :
AH AZE BHERE 487 714, Zol © oz 4 s 8 01 oM % w20
T LO~LTE, AR 1.7~2.0857] 7t Fig. 1. Cell number and percentage of colonies
P Ed  uksle] s1A Y] Tolel= Wi} of S. quadricauda st. CY-1 cultured in
SRk ol=H Scenedesmuse] = A Bristol’'s medium for 20 days.
Bl e} 2 2E AA S Bele RAEEE BoG 254 22 ¢ 4 9ok
fef2ig. MiuEEs] B £ R HERRE staind] w3} =x HEiwe RHF
BRI wet g8 o2 ERF S armaus Hige) P BRI 3Ll
BEFEEE 53l BEFE FHatA FAgev S quadricauda st. CY-13 st. CY-2

PERGENT
CELL

J
)

Table 4. Colony types found in different strains of Scenedesmus

Colony type S. guadricauda st. CY-1 & CY-2 S. armatus

acutiformis type - —

armatus type -+ +
armalus-bicaudatus type + —
bijuga type + -
armatus-longus type* + +
quadricauda type + —
* Only found in actively growing culture
Table 5. Size of individual cells of Scenedesmus strains measured during 24hr. cycle
Length W idth : Spme (pm) Mean
Strain —_
New cell after release Fully grown cell
S. armatus 11.8:4.2:13.9 18.0:7.4:14.0
S. quadricauda
st. CY-1 9.8:3.2:10.2 15.3:6.7:10.2

st. CY-2 9.8:3.1:10.3 14.4:6.2:10.3
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Fig. 2. Scenedesmus quadricauda st :CY-1 in Fig. 8. Scenedesmus quadricauda in stationary
synchronized culture. 1. young colony culture. 1. aged colony of st. CY-1
after release (%2,000). 2. mature colony (%1,700). 2. aged colony of st. CY-2
(% 2,000). (%1, 200).

A E ge wals vych Bl Bristol's mediumef] 4] 24fef]E EiE o= synchronized
cultureo] A= HHEEES o M A e EEBTEEELZE v dsA TEHE ©
Aol = 1, 0008) 8 EBREREE RS 47‘%"] Eo158tg o (Fig. 2-1). AifEe B
Eﬂ%‘-ﬁﬂﬂ BEIEQF MEAERE o] #hiEste] A3 AT 15 =23d frlAd=E el
EH YAt S armatuse] §71Ae] WEA T w2 1] %ﬂ?i@(Flg 2-2, 4,5). %4 #4
7l e R BRI = HH@{HE@}] a2 dolgle] FAAL —Rel BEel

Xl

obd-& mof Tt (Fig. 6-4).
wd st. CY-15} st. CY-2% ] k7] ko] AeiAe] wat 4ol A= AR FRAAAA W

ok 2 A H S. armatussh A w53 BES vehi g (Fig 3). §UlAL e

el meAE olE mate & KAl $749 34 e Table 65} 2t
Bristol's mediume] €] 4509 WS AFozsel £ u FEel Hols 0.05%

glucosest 0.05% peptong 713k Hie] A& F71 Aol H& FHFRAL dilute mediume]
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Fig. 4. Ultrastructure of Scenedesmus quadri- Fig. 5. Ultrastructure of §. armatus. 1. Aged
cauda st. CY-1. 1. Aged 4-cell colony 4-celled colony showing ridge(5,3000).
showing ridges (x5,000). 2. ridge 2. ridge enlarged (x13,000).

enlarged (25, 000).

1% Bristol’s mediums} ¢ EZoll 4= 47 A% A8 Do}k £ gy Aoz Bol 74
PR B QR FF ol gelefor HehiE, =8 el Ho
FHRRE §7149 342 FA%= 32 FA=3%

1, glucose Z pepton

ot rlo

Table 6. Ridge formation of S. guadricaude st. CY-] in dilferent kinds of media

Media Formation & degree of strength

Bristol’s medium

Britol's medium with fish food

Bristol's medium with pepton & glucose.
Complete medium

ok o E

1% Bristol’s medium
Pond water

+
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Fig. 6. Scenedesmus complex in culture. .
1. Colony types of Scenedesmus quadricauda st. CY¥-1 in stationary culture (x 1, 000).
a : acutiformis type, b : armatus type, ¢ > armatus-bicaudatus type, d : bijuga
type, e . armatus-longus type, f : quadricauda type. 2. Scenedesmus quadricauda
st. CY-2 (%1,000). 3. Colony types of Scenedesmus armatus in stationary culture
(x1,000). a : 8. armalus type. b | S. armaius-longus type. 1. Scenedesmus quadri-
cauda st. CY-], mother cell after release (1, 000).

z %

Scenedesmus armatus®t 8. quadricaude st. CY-13} st. CY-28 22| ujokadbe] kil
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aginge] T THASH MO Wl AHE BBY A S armawss 1 FelA vzd %
E5 o] Walelz] gokent S quadricauda st. CY-13F st. CY-2+ :&ihe] st o) okr] 7l
o weh Be dedeld mel, WoAA A AR Ashed mLetzA g

HAngms #EBES Ael= T straine]l A #RF = HE A Aol FESL B
Baa Mo 2 44 =38 olu] ¢# 3 Aol ok (Swale, 1965; Fott, 1968). w4
o] Scemedesmus2] B A7t Aol FAEo] (Trainor, 1963), o2 Bo= 9 el= )
H7 el o183 d F& EFFd 99 A I AT opg v 3 Y
duol BAE zARF & Al

Fogt P EDRS il MM A 2 T2 gt old A F& A
e FH9 ERdd &£AeRE dAdd F4d= He 9leri(Chodat, 1926; Smith,
1914a, 1914b, 1916; Uherkovich, 1966) Z# o2t @& AL (Trainor, 1964c; Pickette-
Heaps and Staehelin, 1975) & S. quadricauda o| 4 % -F7)Ade] A7 & v1dgda L AF
o 4% st. CY-13} st. CY-204 7] 4ol A== 2 38558 Axo) o o] s glet
59 fiEmd ofd Ul Asw W S0l x weba] wEde, §olAle] & W gl
G S amauss) A45 A2 AN o] BE ANL IAFIAAL Poza @F
A9 sbt 2 5 g8 Adsge

g A= bR st Fule Bl AR o8 AR fuld weR 6
(Fritsch, 1935; Trainor, 1966, 1971; Trainor and Roskosky, 1967; Trainor and Rowland,
1968) £ dTol A= S quadricauda st. CY-15} st. CY-2& 6714 o} Heo FH S 4
Aiezs 2 @olgo] e B¢ ngt oA G4 Holst AdIAE Aot g
A AFE oA BEAA B2 31 o YR 47} AR A Bk w

= HES Mumiilac]l TAstE ZIUtA S Aol Iz FE kA A ScenedesmusE
BHTHE T84 Helgsd £ 419 45 D]Ea' 7448 Zele AARA Y ¥ F
2ol FAQS —EFO) BARTE 2eAt DAY LE s ol e Berd 0
z7o] s LA3e A BB PR = 70 AR 7 e (longusHl) 519 £
vl 7l 7ol Aol Ael wiet o] 71 FFA A AlEkAE Aoz v 5o B longusEle] &
Hotde A= AEST Basirrs Brh. 2F Scenedesmusfgs ERFl dA= F
9 HERA) WRERES tlEe AAIVAA vATEY F95 HES T HEER 2
BEM A AT = WHEE Ze] ¥t widAd AAE I8 5 Y2 2 FA)

~r_\L
>~F

ol

""r.N °w‘

o] L J

ERFE Scenedesmuslf A 29 i £PEHY HEERES =AY ZHo 2 S armatus (Chodat) G.M.
Smithel S. quadricauda(Turpin) de Brébisson®] T strain, st. CY-13 st. CY-25 Ha4ld vtz
o =& o#HrA BMAEHY BEE vz FFET. = A3 3 7Y Aol B wiet —Ed
ZEEET Behe] kA @okev o BEX e wsgch MY ERKRL S amatusl ME gk
270 2otz = WsletA] ggkort S guadricanda st. CY-13 st. CY-26] A& i <k7) zhst A9 A
2o wdat #Halslg vk S gquadricauda st. CY-13+ st. CY-2= aging@ol ==} 6714 o8& =moks &
AT At e dsled S armatuss armatusTI armatus-longuyPrl-E A9, ET strain
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