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Effects of Temperature and Irradiance on Growth and Infection of
Three Endophytic Green Algae

Chansong Kim and Young Sik Kim*

Department of Marine Biotechnology, Kunsan National University, Kunsan 573-701, Korea

The three endophytes, Blastophysa rhizopus, Bolbocoleon piliferum, Ulvella leptochaete, were isolated in a labora-
tory culture from a Grateloupia lanceolata thallus collected in Jeju. Effects of temperature and irradiance on growth
and infection of the three species, were examined. Based on the unialgal cultures, their growth was examined under
six temperatures (9, 13, 17, 21, 25, 29 C) and two irradiance levels (60, 100 umol m?s™). Also, infection experiments
to the five hosts (Ulva intestinalis, Scytosiphon lomentaria, Gracilaria verimiculophylla, Chondrus ocellatus, and
Grateloupia elliptica) with three endophytes were carried out under four temperatures (10, 15, 20, 25C) and two ir-
radiance levels (60, 100 pmol m2s™). In culture of the endophytes, optimum growth was found in 100 pmol m?s! in
combination with 21 C. At the end of infection experiment, endophytes were observed at all the hosts. Among three
endophytes, U. leptochaete was the most common at the five hosts. However, we did not observe any endophytes
at all hosts tested under 10C condition. Based on this result, it appears that temperature acts as a limiting factor to
infection of the three species.
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M E A5 o] Welgto] E7) % ghrkal g A Qlth(Andrews, 1977;
Yoshida and Akiyama, 1979; Nielsen and McLachlan, 1986a,
A AP 2F= AR EE T EAE W B 5 b; Peters, 1991; Correa et al., 1994; Correa, 1997).

A 22k 2238 = (epiphytes)2t W4 sl =(endophytes)= A4] 538 Ao 583l 29 A folle WEERF7F =72
StH(Correa et al., 1994; Correa, 1997). W= | A| AMY S 257 e Fdo G 714 7k =T, Erlek FrollA
= A717F 2 s5(host) 2 Uiitol| Zlsso] Hie] Aeksiar gle 8502 B2 E 3 Q= T2 AT (Chondrus crispus)ol| A
o, o] YA ZF= <50t 34 3t FEi = gggithar Q4] = = Ulvella, Phaeophila, Bolbocoleon;(genus)©ll <3} §l= U
I QUtk(Lewis, 1973; Goff, 1982; Douglas and Smith, 1989; Mz E0o| L5300 A AlgE W} A 3EA £ARS: 7|1ZItkal B

Ganuna and Parodi, 2008). ©|& £3] w|A| AME Zhulef ) 31 %|QlcK(Correa et al., 1988; Correa and McLachlan, 1991,
B2l gk 109%0] AlgaeBaseo] HiE o] Q1 LK (Guiry 1992). w3t $-& 7227 u|%(Undaria pinnatifida)S WAZ

and Guiry, 2015), 57g°] A= &L, A4tk u|gsto] A2 Z(e.g. Streblonema)®) ©)3)] 2] o] 74| ) 11(Yoshida and
22l FrieF L ot} & A0 R oAFHT] UHbA O 7 ] Akiyama, 1979), thA|ul 2%21 Laminaria hyperborea®] 7
A APIE YRR e S0 o2 713K A EE Sl yaigze] ofs) skl arelEle] S5ao) Al
TEO) 45BN UYAA S FA GAT, AR FE 1A Wojm 7] FHei(Lein etal., 1991).
<= &5 Wil SF A2 s doA HE dRE B T B §24]o] Yol o] Ro| 2|1 Qli= oFA|o} X oj A
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= 4] sfjzsrol tigh AW 7ol thas vizskek(Cragie and

Correa, 1996). whebA] diotiL s2of4{o] )|l 3= -2
ueke] 7ol ARl gt A7F Hi=A] Hadh UA

O AT oF A ZHA] Rl At WA 2ol TR 15t= miw|stet. Ul-
vellaZ;(genus) 2] §t 521 St=Al 7} A AR (Ulvella viridis
=as Entocladia viridis)+= ©]1] Lee et al. (1998)°]] &J3]] &2l 5]
QAR o] T2 Tx fu|eha=o|(Griffithsia japonica) FA|
Slol A MBI Qi 2SR RA] HILE| Qg HolTt,
Lee et al. (2013)2 g=rAF X152 Chondrus ocellatus) A
o] Y&oll Ulvella sp.7} AA)skal Q&S 2|22 Hskqth
71 % Kim et al. (2014)-2 =22 (Grateloupia spp.) G| W5
off WEF7F AA8HL S5 ERlsklal, S35 E ol
B uljofste] o]& o] Blastophysa rhizopus, Bolbocoleon
piliferum, Ulvella leptochaete®)-S- Y] A] St=gAF 07| 550
& Bgh ek QAT o] W2 FEO Enet FEisH S
Aolstis the Yust Ao gick

wfeb £ AT A7 4 E A I TR A AR
0] At s tigh ol Qlof Mk 29 ke e
A% ggsze) Y2 0] Bet a3 YR 2w
Qe 7124 ARG SsaA) AR E

Al
=

s

3 Qo AHE AR e] 4591 7ML S Grate-
loupia lanceolatay2- 2013 8¥o A|FA| =F5(33°32N,
12628'E)e] 231t} 5 m Z-Alel ) A ek 7H=AAw e
FAZFE WARFY HHol s v #ES Cork
borer (217 2.5 cm)E ©|-§-5to] =L, o] i3 sl
O 55 o] 8-5to] 4= 3] 7 3ol Aojdl £, 30 mL | PESH{ A7}
=1 &7]04 20°C, 100 umol m3st, 16:8 h LD F=7] =4
of| A B Fatet. 27| MAlS AAsH] fish v AF
sl 2ty 5 meL' & H7bstelon, vl selufet xS ek
ATk 2% F WS 2RI 45 QA dhom e o
W=7 AF-E Hojfo] M= uiF 8710l A A Hl
Fstolet. o] 1AL 4 5 wEsto] oelu x| o Tl 59
YA=Z25 Al &, U. leptochaete, B. piliferum, B. rhizopus<
Aouct. Wup 2o gt A vhg AE flsko] 22l Al
T W=7 2 g= 27 Eotsis= 10 mLof YL wlA 7| &2
30 27t Eafisto] o ASIAI7] L, 89 1 mLAS Hol 20 mL
o] PESH|A] o] W of viefshait. A2 6719 2%=(9, 13, 17,
21,25,29°C), 270] FE(60, 100 pmol ms™) =S Z3Hel ujo

710l & 21 FF = ok ofu] A2 34 psulaL,

7] 16:8 h LDo|gl.om, v 3dujc} PESHiA| & v el
of Foh WARRFo A2 7 24dvict vl 39 HH o=
Sl v]7g(Leica DM LB, Germany) 3tof| A @] 7g A&

o ofd Sk

=
]

g]

RE R

89

2] 2(Q imaging Micropublisher 5.0RTV camera, Canada)
G3t &, Image J 2 13Y(1.4s, National Institute of Health,
Bethesda, USA)& ©]-8-5to Zol& S45I3=tl, AME o
A 74x] o] Aol & mE gheto] 4hEseiTh. Z2F At = WA
25 3070A19] ol ZAstelon el whu s Rl
ZolE A3 T A AYAE(RGR, relative growth rate)= of
2o} 4]0 2 AAFakeTH(Kraan et al., 2000).

RGR=100 (InL-InL,) / t -

B A o GA Zol; L= 24 A 9A] o

24 2

rr

ot t

2

& 2=+ Duncan multiple range testsE ©]
Fjo] BAJSHLT, WE FARAL SPSS

LN J W

ahglom A1ghA| P<0.05%(ch
Aol et 229 3 3

Aol omeh FaF2
FEIE Al %)
chaete, B. piliferum, B. rhizopus)Z 7+ 4
WS 2 AROIA BN S5 NERRE SEF R
Atk (Ulva intestinalis), 225 112|ull(Scytosiphon lomen-
taria), 525 JA|#7|(Gracilaria vermiculophylla), 253
(Chondrus ocellatus), =B} Grateloupia elliptica)©] ©]-&5
Itk 27 RAT AR A F7A1E ol o2 )
A EEst o, UmA] si2fFe A o= Frd
Z2rol A 20149 1€l AR sto] AHE +3skieh 44
Aol AR s3] stollA] Bdtset 2 o]
&oto] 7} sl o] A Fits Alojuio] 2HEEolE s
& B AAS e, A A A wle] TS He =
7ol 7 o FE Felskiith WARR7E 3ol hlE 7%
S0 AR REE oF 2 em Y= 0] 27| & Fef, tf Ao
<3 7NANE A A tolle w5 A @A 2 Al £
WSR2 g& Hatdllsr 10 mLof| Yo 9A7|2 FASIAI
| 1 mLA Y1 7740 20 mLe| PESHA| o] o mljeslal
oh Aol ARH 5= AN Al= 2E ARttt 5 AR o] Jle
o, 370 8] WHEE Floh 7 A2 4709 =%(10, 15, 20,
257), 2709] 345=(60, 100 pmol m?s™') A3} A =33}
o, JEL 34 psu, FF7|= 16:8 h LD 2742 7454t

i

>~

-
.

= L .
Ao WAL 159 Foll 4t A 27 55 27E 37MAH

Aol W AL A, 7 570 TS Helstol 47
S R ERECEEEEEE L T



90 Az

Blastophysa rhizopus®] A& A= ZAol7} 53.8+22.2
um, HH7E 10.0+3.8 umoln] oA 5e FH FE7iA|
sfogst, o2 5 39| WISt 9eb) F3to] A
(Fig. 1A). o] &2 voF 21¥ & 60 pmol m?s' Ao A &
Tof| w2 A ol 17-28 um HL R o, 21°CollA] Zuf,
9CoA 24Tt 100 pmol m?s™! 20| A &= 7F -t of| wha}
19-32 pm W 9|2 ASHI AL, gt} 2 aghs Bl REs
Z}7F 2109 9T E 60 umol m?s! 2 A1} S A5 thFig. 2).
RE 2w A A 27| Z0][9.28 +0.76 (mean + SE) um]°]|
H]sto] 2-3uf %= AskelTh AtiAEES e 2149 60
umol m?s! ZA A 2.67-4.41%day ' © 2 21 ColA 7 =
AL, 9T oA 7 ko 7 =7 El Sl SA1A
ol 39 &= A ATHP<0.05) (Table 1). 100 pmol m?s™ 79|
M ABAE0] 2.76-4.83%day ' &2 GA| gk 21T, &
29T AL, 21 TE AQle YA gk TAA o2 {-oat
7} 1A TH(Table 1).

Bolbocoleon piliferuma T4 E4125E AMAYE A32o] §
|2 21434957 um®] Zol¢t 39.4+21.0 um®| &9 tf
4 Qe SAS e Ul o] ch(Fig. 1B). o F-& wlef 21
o 5 60 pmol m?s" 20l AA| e} Ao} 2k 2Ieof w2t
38,788-143, 620 pm H 9|2 A5G, 21T oA Hdh, 9T

of

B 60 ymol m2s™

@ 100 ymol m2s™!

35

28

21

Length (um)

9 13 17 21 25 29

Temperature (°C)

Fig. 2. Length of Blastophysa rhizopus were cultured at 21 days
under 34 psu, and 16:8 h LD condition (n=3 replicates). Vertical
bars indicated errors.

oA ZA¢lt} 100 umol ms! 7oA 7z 220 ule}
46,348-187,188 pm W= AL, o, A 2

Fig 1. Three endophytic species in culture; Blastophysa rhizopus (A), Bolbocoleon piliferum (B) and Ulvella leptochaete (C). Scale bars

represent: A, B, 50 um; C, 30 pm.

Table 1. Average RGR (% day™) of Blastophysa rhizopus, Bolbocoleon piliferum and Ulvella leptochaete thallus for 21 days. Culture condi-

tions are 34 psu, and 16:8 h LD. Values are means+SE (n=3 replicates)

Host Irradiance Temperature (C)
(umol m2s) 9 13 17 21 25 29
Blastophysa 60 2.669+0.338 2.729+0.479 3.811+£0.594 4.409+2.100 2.892+1.171 2.893+0.986
rhizopus 100 2.756+0.619*  3.209+0.966*  3.889+0.768"  4.832+2.330®%  3.533+1.384*  3.107+1.139*
Bolbocoleon 60 13.975¢5.726  14.526+3.590  17.847+7.123  19.124+9.634  17.915+7.744  17.603+8.938
piliferum 100 14.03315.440  15.209+8.939  16.962+7.58  20.351£10.023 18.031+7.222  17.586+9.022

Ulvella 60
leptochaete 100

15.589+4.3182 22.369+3.268% 27.081+3.981% 29.772+3.832°
17.84916.067" 24.026+4.366*% 28.876+1.976"® 31.623+4.191% 27.781+4.583%% 24.617+2.236"°

24.329+4.963° 23.450+2.392°

AB.ab Different superscript letters within rows represent significant differences between treatments (Duncan’s multiple test, P<0.05).
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&= 21C9F 9T ATh(Fig. 3). We 2Lz ollA 27] 4o]
(69.02+5.91 um)o|| v]3}e] W WAL 319}, B. piliferum
O] AP RAAEL ok 210l 60 pmol m?s™ Z 710l A] 13.98-
19.13%day' © &2 21 CollA 7P &9kaL, 9C7F 78 R@oke
U ZF E 7 AR ES SAH SR gt At gl AL
2 ZIEItk(Table 1). 100 pmol m?2s' A A= AAEO|
14.03-20.35% day' © 2 9 A] Hoff, 222k 60 pmol m2s! 2
A3t FUS HFS HAAN o] A LEH AL ES 5
Ao JoJgh A7} ¢l ITH(Table 1).

Ulvella leptochaete= 2> AFE A22=2 o] 17.0+12.3

M 60 pmol m2s @ 100 ymol m2s™!

8000
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2000

17 21 25 29

Temperature (C)

Fig. 3 Length of Bolbocoleon piliferum were cultured at 21 days
under 34 psu, and 16:8 h LD condition (n=3 replicates). Vertical
bars indicated errors.
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um, HH] 45+£2.0 umzA =4St fA=xo|tKFig.
1C). o] F2 vljef 21 # 60 pmol m?s 27104 A2 A
o7} 7} 21=of whet 46,546-506,902 pm W= A6
g, 21°CollA FHdl, 9T A HAaghE 71=3819d T} 100 pmol
mZs!t 2AA = ZF %o uhe} 57,888-670,558 um HE=
A7k AL, Foigkat HAghe B9l &%+ 60 pmol ms!
£} FUstH(Fig. 4). o] F= wijd7IZE 52t 27] o]
(42.62+3.34 um)o]| vlslo] kst AAS ST} Ulvella
leptochaete®] AT AAE-2 vjoF 21 9] 60 pmol m?s' =4
ol Al 15.59-29.77% day' © 2 21 CollA] 7F3 =3k31, 9T &2

W 60 pmol m2s™

E 100 pmol m2s™

30000

24000

18000

Length (um)

12000

6000

17 21 25 29

Temperature (C)

Fig. 4. Length of Ulvella leptochaete were cultured at 21 days un-
der 34 psu, and 16:8 h LD condition (n=3 replicates). Vertical bars
indicated errors.

Fig 5. Details of non-infected (A) and infected (B) transversal sections of host Grateloupia elliptica. Arrow indicates endophytic alga. Scale

bars represent 20 um.
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o

= dolHed|, thE S vk A o] uhE AEol Jlol &
Al G222 E Y th(Table 1). 100 pmol m?s! 27 of| A=
AE0] 17.85-31.62%day' 02 | WA 7k}
2ghe 2H2F21°C, 9T E 7ISRAINE 2o whE FA A #-9f
A= At

Lis=xo| 47 2ol ofet 2=k 3 H3
Y A A F 159 Fol thRpeh 1Y U7 B
3 A3 oA UAShETE TR A kA a 7 A

Table 2. Results of bialgal culture of three endophytic algae with
various algal species as hosts under 34 psu, and 16:8 h LD (+, oc-
currence of infection)

Endophytic  Irradiance _Temperature (C)
Host et
algae  (Umolm?s”) 10 15 20 25
60 +
U. leptochaete
100 +
60
. U/\(a . B. piliferum
intestinalis 100 +
. 60
B. rhizopus
100 +
60 +
U. leptochaete
100 +
Scytosiphon o 60 + +
lomentaria B. piliferum 100
. 60
B. rhizopus
100
60 +
U. leptochaete
100
Gracilaria g e o 60
vermiculophylla P 100
) 60
B. rhizopus
100
60 + o+
U. leptochaete
100
60
Chondrus B. piliferum
ocellatus 100
) 60
B. rhizopus
100
60 + +
U. leptochaete
100 + o+
Grateloupia » 60 + o+
elliptica B. piliferum 100 T
) 60 +
B. rhizopus
100

194

=~

o A= YAsiz7F k= )ik Table 2, Fig. 5). £3] U.
leptochaete’= 5711 9] Ri= <30l A ZH el o] =Rl = it ZA 2
719} A A Lo A= U. leptochaetes: A 2|3 th2 &
A5 whEke 4 gIolaL, aejul ARt X+= B. rhizopus
£ 55 WiolA B 4= QU3leh A=Eh Aol A= Al &
o sl 27} s3]l B A= e 2y 243 10T
= 29 A B S5 5% BRolA ojm g Aslx=
T e gliek

2

ik

WA 2ol gt A= Bl 578 9] of o= ¢lsf 12
WA grom, o] Ao Aol whet A= Bl HIorgh A
Holeh, hrite] A7} Azse] Bt AS LAt
o Lof| 35w 0]9) 1(O'kelly et al., 2004; Rinkel et al., 2012;
Nielsen et al., 2013, 2014), 2} WA 2F7e} 4253291 2} | =79}
O] A He] = A+=olth(Correa et al., 1988; Cor-
rea and McLachlan, 1991, 1992, 1994; Lein et al., 1991; San-
chez et al., 1996; Del Campo et al., 1998; Gauna and Parodi,
2008).

Blastophysa rhizopus+= %21 (Ballantine and Wynne, 1986;
Villaca et al., 2010), -5 (Brodie et al., 2006; Guiry, 2012), &
Z(Bostock and Holland, 2010), ¥+ (Tima and Tatewaki, 1987)
T B2 A9 rheket sofl AAsEaL Qo] HalE QAL
o] A= 2ol &edt EFT B8 E= w2 EAQ A
o]t}. lima and Tatewaki (1987)+ &= 1| Z=8K Grateloupia
turutury) GA| V5ol AEAL B, rhizopus7} A A)5HL 52
HAISHAA, AL} 5= ol Aol thgt -5 =335kl
I uiFAE Aat o] T2 18-22T Y 2= W fet 14:10 h
LDE| A7) 7oA & AR, 10-14T 9] 2% 19
9} 10:14 h LDE| ©dF7] 2o A= Aol oA=L, 5T
ol A= Aol A5 o] FolA|A] Ph=ral shGITh. = ol Al
£ 60, 100 umol m?s" Fe 27 B 21 Col|A] Ao 713+
29k, O oo 2= 17T 0|t v|E AEAL B. rhizopus
L, £ 5 Ul 2700 dfat Just RERT S2je)
Aok AR L WSlolA] 22 AAE Wo|m glrhy 34
3 4 9t

Bolbocoleon piliferum®] 73-$- vjF-S =
ke A HEsIT o Fo AR
7] 917 A= B AHglof A wjofo] o]stol
2004), 222] 44} whef 240 op Zhke o 9 i 24
gFo] A4 |91k, O'Kelly etal. (2004)& v 54k 2122 5 chA]ut
3} )= Cymathaere triplicate]] WAYSIAL 91+ B. piliferum
S AsPEA 18T, 5-20 pmol m2s!, 12:12 h LD 3357] =
70 2 wjeslsit. E3F Kokame and Yoshida (1988)= 2%
A Z(Glosiophonia capillaris)ol] WAYSIAL Q1= o] & YEAL
07| 85082 A& Wik AL ujek 10T, 16:8 h LD 3=+

oz
Rl b
e 2

©)

(O'Kelly et al.,

2 rl-n
>{:



BREES:
7] 2AS ATt Tkt Lwot BES xakstel ujok
3 A9 A7 ok 7ol 3 A7 Aute A A2 vl of Y
o}, whebd) o] 0] AR F 4z Ao chak choket AR} gl 4
ol o A= AL o) F3t PAH ATE S L )
7124 ARE B4E 5 9 Roltt

Ulvella leptochaete?} 43t Ulvellass-2 TR 4850] L&A
240(Guiry and Guiry, 2015), th& F o] H5Fo] 7L ThelA]
o] & Holch, TRA T B A7} Hiel Agubstel
o]l (Rinkel et al., 2012; Nielsen et al., 2013, 2014),
|20l AFLAF FERLRN Chondrus crispus)}t Ulvella (as
Acrochate) 9] 19 &, <5 5olA4, A= ol wet ¢
T-=°]tK(Correa et al., 1988; Correa and McLachlan, 1991,
1992, 1994). th2 & Fofl vlsto] & o0& W2 A7} 4=
e Sl Ulvellass 2] A7l tiet A H = Rl He
2, B. piliferumA BE5782 A5 5351H7] St A= Ee
Apof| A of v F 29 A AISE 7497t Sk th(Rinkel et al.,
2012). Deng et al. (2011, 2012)2 G5 (Chaetomorpha)©l|
ZANE U. leptochaete (as Acrochate leptochaete)ys 5=10]
A Ao BEhEA hof LE0L HES Zatsiol ek
S aysteleh 159 Aol 9Jshd 177C, 36 umol m?s™,
10:14 h LD 27 0f| 4] 7o) 71 Eqhtt. 24 A% 2o 9l
o] Deng et al. (2012)] 17T} $112] 21 C2te] AJol= 9
o] ool AR ATl BAH SR gl A= Ao
710 BlaA]  2tol7} Gliz A= HekETh Feo] QlojA
Deng et al. (2012)2 36 umol m2s'of| 4] 72, 108 wmol m?s
o.2 Z7¥gtol ure} S.5)e] Ago] B4 Fassirka 3 e
Char o] 2| 4 Ql Aut FekF e H|F o]l Ao 4] 30 umol
m?s™ F Lol A 0] AR R A AT 60 pmol m?s™ o]
A] HTh= 100 pmol m?s ' 2 A of| A AYAFE0] 2517 5715}
O Z Deng et al. (2012)2] A= vf$ Akt Qe &
T+ ek AF5o] o]t Auprh A AR, 2P AT el &,
A AF uh o] 2ol I x| = Wk AslA L sfjitof 2 A
o= ghtEr

79 A% Al U. leptochaete= 5%2] BE 23 Ujhol| A
ukzIElo] 71 47 %2l 7 7Psa AR Sels o)
th U. leptochacte= A5 7HA] Balg g2 Ao A & theFeh
230l A BHAE QI tH(Deng et al., 2012; Nielson et al., 2014;
Kim et al., 2014). whebA] o} 2 744] o] Fo] WA kit <5
o 2= b = Sl B A] QrAIRE AR A 54 Q1 WAl = A
T= FARTh, b Ee S i E Ao g o
o} E3F ohoRt 2ot F o] 23 A E 2= 10T 24
ol A= 55 5= ol A ofH gt WA ol 2t R ] 283k
of A Aol A WAgsl = 3F B H|E w2 20 BlaLs]
A Aol =RANE 9T oA o] APEER] ol AR
Q7)o B 27t WARF e Alsfishs Adilel &

Qloj2tal T A7) ofete A2 wetsu, A} o] A

RE R
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o

oM 58, 570k )
it o B SRS U 4

=
A

o 1o

jm§
1o

b4

ek o]l et gL LAl e

724 A7) 2
Aolet 7|ehat, g% o] A5t B 24k S22k wet
o 2 2

e & =T WAsh = Aol B =

o] B 4 9l 2fef oAt

ok

Ab AL
o] :EE sfefseiinol Agom s BETI& LA}
Q1 7] A9 W 201490 BN THEAE A7
AR} ) 2|l ofef s ek,
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