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The Culture of Uni-Cellular Red Algae,
Porphyridium cruentum

Koji Nozawa

Abstract

The artificial culture media for the uni-cellular red algae, Porphyiidium cruentum, were
studied. The culture was carried out under following conditions: temperature of 18-
22°C, illumination period of 9 hours per day by fluorescent lamps and aeration of 200-
300 cc per minutes. The suitable concentrations in the media of the major constituents
such as NaCl, KCIl, MgS0O4 and CaCly were examined. Sodium chloride in very wide
concentrations gave a normal growth of the algae. The concentration of potassium
chloride was closely related with that of sodium chloride and the favorable ratio of the
two seemed to lie around 40: 1. Magnesium sulfate was indispensable for the growth
of the algae, although the requirement was small. Under the purity of used chemicals,
the absence of calcium chloride allowed the growth of the algae. From the above, the
author prepared an artificial medium for the culture of Porphyridium cruentum. The
formula is presented in Table 11. The extra-cellular mucus produced by the algae was
calculated about 26-30 95 of total organic materials. In the mass culture performed in
the tube method and the 30 liter tank method, the yield of the alga was about 260 mg
per liter per day in the former and 74.7 or 58.2 mg per m? per day in the latter.
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¢, Uni-algal culture Ti%d %73 Bacteria free TiE7z\o.
BEHEWY subculture FE UC, RysidgK%E WA T1/212 5 3%, Allen-Nelson ®
2 fEFRE IR L fo b DI, BAEREE LT Provasoli @ Pl-metal® % lcc/L, 47#%
4 REFR L L C Fish soluble % 5mg-N/L, Ll 50 cc/L & hnx fcd D&
7o PH RSB Ls v 27chs, LU DL 6.3~6.5 Th 3 ORI IO T
B ERL, 9Bl ks, BaEEIR Kock (1953)1) o4 o idHedlk b2 O R EH
LOTHLAEL, HE 4cm X 40cm OARBREBREL A, WIAOF «r v 7 —iX
EEBEA L. B

® ® ) .
@\ L X 200cc Th B (Fig.
' 1). B3R Strain O
®\§g § _ WL K2 TEDRIeB L)
& Tha2, BHEOBMLI
J I T 1 I ! E Strain Tx 20°C FijfhH 0
®«27T T W WT T T T TV | M Cls=tc. JEdEEIT 2
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i E ST T 9 R 23 RIFC
° ' bofe EEBIT O
. TR RAEET 5. W
b : Zlx 200ce 235 300cc/
:’ min TfTlcofz. Zhbl
y ' TTRARIGERS R, X
AR SV CRELECILBETE 3.
@ Growth I:xlrﬁt Zt.ub?pparatus égr E)Li)lotllgleg water inlet [‘éﬁf#@?j A MR T B
® Air inlet ® Cooling water outlet R ER R D A TR
® Air outlet ® Fluorescent lamp s (Table 1).
Table 1. The effect of aeration for the growth of
Porphyridium cruentum
Aeration rate cc/min 1 0 } 20 ‘ 50 ‘ 100 . 150 ‘ 200 ( 300 ‘ 500
Multiplication rate i 0.05 ! 0.29 ’ 0.41 ’ 0.68 i 1.42 } 1.50 1 1.52 I 1.25

|
PEREL subculture 2> BEL TR L, ZERKCR o foifdd, BRI Ofm i
JEHT 400 cells/mm® (702 X DTz To. LU D OEEEENLE D/ N ThHD & x4
FcEERED lag phase 235 L iERNT LI LSEE TR L 5. X
RS KTH 5 LIV E bbb TR /2 5 .
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Fig. 1. Growth curve of Porphyridium in different
population density of inoculation.

Initial algal population density of each
line is 30 cells/mm3 (A), 120 cells/mm3 (B)
and 250 cells/mm3 (C).

Table 2. The variation of multiplication rate (for 4 days)

Experiment No. ‘ } ( 4 } 5 ' 6 ’ 7 “ 8

Multiplication rate l 1.55 ‘ 1.62 ‘ 1.58 ‘ 1.54 ‘[ 1.51 1.67

R ZOZEERCOWTE Fig. 2 Jio® Table 2 1CR$ X 510, BIFAEMTCITIAERE
EKRMFE K =150~160 THbh, TOLEBL M/ I,
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I AZTHEFRICO2WLT

D HAKEER: ERAILDICENL T WL AV VA, F )T A,
<RI RT TN, AT s, FOREVEHCEHICISU CHET L2 EDHKS L) T,
ALE# R Y RO H &7 Tl bity. ZORRED—2E L TEHETRES DAL
1T koo THER I ATLHEAKD 2B HIEC/E b SO fE8i 7z Herbst o AWK, Levr-
ing ® AT¥#K, Provasoli ® ASP series®, SWI, U, o\ Tt L TR,

Table 3. The multiplication rate of Porphyridium in
different artificial sea water

Herbst’s sea Levring’s sea Provasoli’s " . &
water water ASP 6 ‘ Droop’s SW 1 ‘ Droop’s U
1.28 ‘l 1.37 1.48 ‘ 1.47 ‘ 1.08
|

Z ORI Table 3 ICRT L cwohd BCERL, BERED ShDdTIh=7Te.
CHEOREEEHZCL, AE EOEMNI$%5% T, Table 4 1WRT L5 LMKOL D%
AR E L.

Table 4. Basal artificial culture medium in this investigation

NaCl 10.0g Pl-metal lcc
MgS04-7H,0 4.0 Fish soluble 3mg-N/L
CaCly-2H20 0.1 Tris 05g
KC1 0.3 H>0 1,000 cc
NaNOs3 0.2 pH 8.1
NagHPO,-12H20 0.05

2) NaCl gZELF /7 VEDAEE ¢ NaCl 3BT g s h 2 EL2RETEILDOTH
B3, OO ES L L TERICERIR TV LI Ex bl ThilEe L
TBREFEICHEHL T3 L B s. Provasoli % offfzed = @ X 5 IS0 BT
Tb. =2 T ATESERATES I NaCl 4 Y OMIC Licb BUWinE 25 & & &k
4 Bicdic, NaCl EErF/ ) =0fR L OFEY L b,

BB L IEAREE W 0D NaCl o fcb oxfEh, NaCl 23, 2.40%, 1.92%,
1.449%, 1.20%, 0.96%, 0.48%, 0%, \“ich X 5 k2 FHWL, %20 NaCl B
a7/ ) e0EER LB L. EiLo—xy b ORFNL, BHRMEKDO NaCl &5
2.49% ¥ UT-ERo, ¥k 100%, 80%, 60%, 50%, 40%, 20%, 0%, Thk%.

Table 5. The effect of NaCl concentration for the

growth of Porphyridium cruentum

NaCl concentration g/L } 0 ’ 4.8 . 9.6 12.0 l 144

19.2 ’ 24.0

Multiplication rate ‘ 0.40 ‘ 0.92 ‘ 1.13 1.48 ‘ 1.65 l 1.61 L 1.43

fidy Table 5 WWRL Th D L 51, KiE 1.44%, BB 60 BiEKicdhicd NaCl g
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B oL SAEENE A, O ATESREOLTIILY 175 THAE K X DR EL,
Z OREREN D RN K OHE S 60 BIEKREWEIXE L. Ll NaCl ozl
L TF /) EDEBFOHFEBIEFCRE L L23EDLN 5.

3) NaCl DA o E BRI EEELF / VEOEE © Na LU0 2ERS, B K, Mg,
Ca %3, KRB HEERYL LUXeb LARE, RECHERHL NS, o T
HFF v OHZ I ONTRET 300, Na w330 54 v &R FRie>nT L
BRTH. Bib K, Mg, Ca olFBII—FIC LT LOREA AL TF /) & OF
R34 2 8 fic.

FE T R R RSB MgS0s, CaCly, KC1 #\~ich D& {ED, iz Table 6 1@

Table 6. The amounts of major constituents in
the experiment (grs per liter)

'W?lemeint'sf )
< MgS04-7Hz0 | CaCly-2H20 KCl1
Experiment No.\\ -
1 0 0 0
2 0.5 0.0225 0.04375
3 1.0 0.045 0.0875
4 2.0 0.09 0.175
5 4.0 0.18 0.35
6 8.0 0.37 0.7

T &5 7ol MgSO0,, CaCly, KC1 &z 7R FAE2 o, S AURFEARBEEIT S L

T MgS0s, CaCly, KC1 #2352 0,

1/16, 1/8, 1/4, 1/2, 1 r7c=oT\w3. XZh

Zopkarr NaCl » ORFRawiEND 519, NaCl 24g/L, 12g/L, 6g/L © 3 205

D\ TCERE TR 2 7.

Table 7. The multiplication rate in various concentration
of major constituent

— — —  Experiment -
Concentration ——_ No. 1 2 3 ’ 4 ‘ 5 6
of NaCl g/L —
24 0.21 1.15 1.45 1.49 1.32
12 0.32 1.22 1.43 1.39 1.25
6 0.54 0.95 1.03 1.08 1.11

#ET Table 7 WWRT L5

4) KCl gELF/ YEDER:

- B
— 5

T DEEROWEE O TIL, KLIEIRED ST,
Mg, Ca, K, OlENR—FTHIIFORIIL T WHBTHEE LWL ThH 5.
AV AI YR T TRERTH D,
BT B LR DREHEIR AR T L35 b T 5B,
A D, Sofis, BoRMEFCES L T3 Lmbh,
AN T A EFEFERNRE S L Ehbh T 5. ALK EHFHE 5 B

IR

R o> CTflass, vy v
A PR R o u T

BV U AERE

P b OITEMEYIC S L CEEREZ R T, a0 KCl &2inz 2 2 L2 Lo T2 DFEN

7o 7eB 2 LI bbb T A HEREHETHS.

WEHEEZ Ia0T /) =DERCHT 2 EL R,

FIEOFERICK T EH ) 7 A0
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TIERATEARLE D B KCL 2 cb D&1ED, #5005 KCl iz Tk 3 J4E 0
B g Lic. Xor b ) v A L OFHiIERE R 5 7ooic NaCl & 24g/L, 12g/L, 6g/L
DEDOHFET DN THERL 2.

Table 8. The effect of KCI concentration for the
growth of Porphyridium

~ —— KCI concen- e ‘
NaCl ~__tration g/L 0 0.004| 0.012| 0.04 | 0.12 | 0.4 1.2 | 4.0 12
concentration g/L — J
24 054 ] 0.76 | 1.19 | 1.31 | 1.46 | 1.49 | — — —
12 042 082 | 114 | 1.23 | 1.34 | 153 | 1.36 | — —
6 0.25 | 0.83 | 1.17 | 0.95 | 1.04 | 1.03 | 1.09 | 1.13 | 0.86

fiRix Table 8 WRLICHED, # V) v MTIEWICEEEICE\NTF /) & OAERCH
BCHBL, TORRIF /) =0ERERERICEILZES. X NaCl & offic §#5HirE
RAiRD L, BCHERERE T E, F/ ) =0ERICHT 2 —~EDERL S &
Bbhs.

5) Mg BELFIVEBOER: ~7 32y Va3 T XTCOMEYWCTRAR TH B0,
ICHH ORI B ROWBR < 7> U 2B AT S ONE\ . Chlorella vulgaris T3,
N FTYANRIZT B L, MESENEL, CRCSZAS YV ARLELBLT XV
A DT B L THRVBEACIB RS . 7/ ) =35 Kock o503 1/2 i
[EDUEAKIC 0.04 BDWER~< 7" 4> 7 2% T B3, TREINZ F-FLEIC DU i filvh
TWigw. ZZTEF /) ECH L TRLTCEEDNT 237 AN ETEHLNE 5 b,
1/2 WD KA S BEO—DIC~ 27" 3 v v 2B R L TV B0 E 5 it L.

KBRTEL, BRI 3> v 2RO TCERRIEERAIED, L OWEECHB~ 2 %>
VAN CEDF/ ) = DERICHT 5 i iic. X NaCl » oBia 7 2 f-9,
NaCl 24g/L, 12g/L, 6g/L =2\ CEEA 5T/ = 7.

Table 9. The effect of MgSO, concentration for
the growth of Porphyridium

— MgSO; concen- |

NaCl com;én- "~ trationg/L ’ 0 *0,00004' 0.0004‘ 0.004 ‘ 0.04 ‘ 0.4 ’ 4 ‘ 40
~ trationg/L - 1 ’ . )
24 012 | — | 137 | 132 ’ 124 | 123 | 1.30 | 1.46
12 0.29 | 043

0.91 1.04 ‘ 1.29 1.25 1.45 1.47

6 0.22 0.32 0.33 0.72 0.87 1.02 1.06 1.11

fEdx Table 9 WiRT X 5 Mg RZ T/ ) =l34EE LW, Mg &z i-
ek NaCl R 24g/L i3\ TR D R e & DAY S R OSS F ThHE D
FEiFETIe WL 5 ThH%. Lo L NaCl #EH 6g/L &1t Mg EE OEGFTCLL
LRGN G, BB OHNREL bR S.

6) Ca pEELF /I UEDER: »y v 2 BHEREREVG UL —RC Y Re
ThzLE3NTD. BEICEL Tl <1k Molish (1895) 73y Protococcus DI
B AN T BIFRBETEH B L=, F0i#d Chlorella 13U %%  OESHIZ DWW T,
AN T NIRBEETE B &7 ) s e, Lozl #Di% Pirson, Waren, Mast
and Pace, SHIIEWICIIRD H v > U ARBHEOLEECKLIETEH B Z L 23D, i
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Stegmann % Chlorella pyrenoidosa 1=\ T X B FEERAATIo\, LT 5
AN AMRIEEICHETE B2 L&D, BEEEY TR AL > v 2B 2 L
TOIRhy, TEOMWES BVIRBICR O LCEEHE 2T 50T, Al ZRICEHZ 5.
WATICS A vy T A ERICE TN, EEHOERYANT 3BEC L b 2> v A
FHPeL T T ZHIEHETR O DA 4 v OFFPAFRE LD, RRORIBOFE
CHEEABREHZ L TWA EEL BN TWA. F/ )20 THHFEEHR L L CoIHRE
&, BEERY L COERENRELbRS.

KBRFEIATRO~ 7" 3> 7 2 OYEH LFART, <2 3> 7 2a0RDIEAV > Y ADHE
iR Y | ATt

Table 10. The effect of CaCly concentration for
the growth of Porphyridium

_—

— ~ CaCl, concen- ‘ T
NaCl concen- - tration g/L 0 0.00004| 0.0004 ‘ 0.004 0.04 ‘ 0.4 [ 4 12
tration g/L e ‘_, [ b
24 1.42 1.39 1.40 1.47 1.61 ' 1.52 1.42 ' —
12 1.50 1.46 1.64 1.57 1.50 | 1.35 1.38 1.17
6 1.05 1.12 0.99 1.08 1.11 I 1.01 0.97 l 1.10

DOfERE Table 10 IRT X HICHh > 7 2REOYES H > v b iz Ica
LA EZENRIL L, XNy v aRBOEFRICTHRNBEL R ST ANV T ARZ EHEL
b s X5 I EREIRERD bR ot COEROBEOHMTILA V> v ADRHE]
k%mﬁ&%h%#ot.Lmb@t@mﬁ&t;5Kﬁﬁmi5ﬁ»7ﬁAEﬁm%b

THRTHB L ZPNTWE0T, ZOBEHEALCERS (LEHRE—D wiaih s
@Tﬁ}T%OKQT&éﬁ NBUEEHR L L COHEL R b Db b iss = 7.
NaCl ¥4/ + ORIR L EHC D 5 2 2L €. Provasoli et al® ghrv vl <
Ty ADMBREHOAEFICKREMHELRIETLERLTCNER, 7/ V=cfEL
T FNEHE TN L5 Th 5.

7 FI/YVEDQEHOATREER @ L Eo#EERZEEL TR L, NaCl, KCl i
OVTmﬂibmv%OLtﬁ@%ﬁﬂﬁ&%héﬁ,v&$V/A,ﬁwvamov
LB FEDIL2X b Lig. Eppley?2:9 3 Porphyra (=-oC K O E: Na, Ho
flad H F 7+ v L ORIRIC D W CEE e e 21775\, KaNaa@%%@EEémom/
DRTWBER, F/ )Vl ChARRE L 23RHb s, ALK ETEE S 5%
Mg, Ca OB L TRICIZ o & b LIcERMEDVE L Nisds = 7028, ek éhfb %

Table 11. The aritificial culture medium for
Porphyridium cruentum

NaCl 120¢g | Pl-metal Lice

KC1 0.4 TFish soluble 3mg-N/L
MgSO04-7H20 4.0 Tris 05¢g
CaCly-2H:0 0.2 20 1,000 cc
NaNO; 0.5 pH 8.1
NagHPO,-12H:0 0.05
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FE 2 DM, ST EARE AR AT ASCEEh 2 Mg ® Ca #5210+ % 00 el
bBrE%, Table 11 WRT L5 WD dDERIE- . ZhsmeKicd DTH 3
EWRRZILVD, BED L ZARMChico TELD TEELLAENES RT3,

M 7 VEDDiT BHHE

F/Y)EREEELTNE L, F /) =M KIT 7t 2105 » THEEHIT RN /e
D, MCIRRRELE. ZhEF /) EhbRWIRTIED DT, = OMED»
T/ ) = ORI L CEELRSEEL CHbB L. Lol 2 0E&E L 3,000 r/
min 5 53O LR CESGICF /) = 0BT 5 2 LR Z. EERISHEETS 3
B S FREMZTHLT VA VT T B308IEE L T ae=T K 2Nz 5 L HEIT
BRSO L CAS B EN IR B, XV S/ —A%INZ 32 LIC L o Th & ORI EIE
B L Tk 2. ZokE: Haxo™ic L =€ Polysacchalide D=2 L Thb ) &
b T3, ZOREDEERL T/ ) ED4E L ORICEMENS 208 5 vk ls L
TR

KBTTRET 7 ) =R UIRERE 2 e B LB L e g © COD RHIE L
COMOREOEERY R, COD OFRIE ~>Fy By ) MRk o7. X
PRI LR 2 TEREIR A 4 Y B RCAFIET 22 L 032D TELF b ) ¥ A% N B
Alsterberg #:& .

Table 12. The mucus production of Porphyridium

: Cell concentration COD of COD of
Time (days) cells/mm3 suspension (A) | supernatant (B) B/A
0 790 44.0 ppm 13.2 ppm 0.30
1 790 63.2 24.8 0.39
2 1,540 94.4 29.1 0.31
Q 1,520 544 154 0.28
1 1,590 90.6 25.9 0.29
2 1,840 112.0 32.3 0.29
0 2,160 79.5 20.5 0.26
1 2,310 125.6 32.2 0.26
2 2,240 136.3 35.2 0.26

fER Table 12 w/RT X 5 i kFEEEH D COD » B D COD X I3F4TL THY
m$2X5Thh, A—DRETIEERCEZORENIT—ETHLZN, HERLRCT
%L LDLEHE> TS, TOFRKCOWCTURELE L ZENHEE B2, EO WL
HRFGOMBIREC L > TEH LG DTHAS .

CORREDRFBEEIRACIEETH 2 LR IO L OTHARVA, COD 2 bEikE:
LGt 2 &4 26mg/L oA R L 75 5.

IV xEgasExRRBR

Chlorella O KERFHIIEFHTIHIEDNHEA TV B39, 2 2 TlEF /) =D AEESEED
TTREME A MG L, SRARREEHM A K E LIBT3 ISV T L b, FIicgko(l
FONT R T BI00RBRS 5 L SRR E U EB AT o 1.
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FEEANT 45 x 30 30 cm D EGEI D H T A AT, Zhic 301 OBIFER T AL, H
REBPER G L. USRI/ o kD TH —EA S v b L& — 2 —THiREKR
th 20°C 1IBok SIc L. SERILSE DILFL {35 L vk ik 3 0 TRRHIE L,
FORY BEALTFL fFeote. JHTEANRTE 5728, HEMEHAEF OBBICHEL
Fotodiz, ZRRT 10 FREE & CIRESDE, 12 HEE TR0 <, FRIEHAEL LR
FITH o7 BEOEIIL AR 1/6, b 51 #Ht> TEMLL o ML
BOBH LSRN fo. MRAIRIEO TR B 7 FH AR A < 7n 3 CHEME Fk
Lo AREROHEICIEEMOTIEHERE 43cm (Bhh bR M & b D) X 24em
(D) =1,032cm? #HE LS\ X 5 CEEYE 1,000cm? & fviug, Al = b
%1,000cm?/m2=I¢ & X 1/10 i=7¢ 3. SZREICH L CRERE eI RS IER
WL <, BCEEINTAE S s o 7ohd, 2 [E RIS T Table 13 Jtot Table 14 o

Table 13. Yield of the alga in tube method

Days ‘ 0 ‘ 1 ‘ 2 ‘ 3 l 4 I 5 l 6
i | |
Yield mg/L ‘ 350 } 380 \ — l 410 I 300 ‘ — ‘ 400
Table 14. Yield of the alga in tank method
Dhys Yield mg/5l ‘ Pr‘:ﬁ;jffl‘z’ity Days Yield mg/5l } Pr‘ﬁgjiﬁgity
1 975 | 97.5 { 1 1,030 ‘ 103.0
2 1,025 102.5 2 — —
3 _ _ 3 995 J 99.5
4 875 87.5 4 oo | —
s 1,100 110.0 2 if ‘ e
6 — = ‘ 7 1,045 1045
7 1000 w0 | . o oy
8 925 | 92.5 9 _ _
9 825 | 825 | 10 890 89.0
T . mg/m2-day] N p | mg/m2-day
Mean 747 ’ 7T H Mean 582 ‘ £8.9

Iy kRS . TR BTt 3 Chlorella /R 1/100 DUFTh
> TELDTEEETEH B, HREEOWER, HFFREE OB & X » TS -
FT5LDLEL TB. 1E Golueke® [FFEKDLEYMBIITTF 2 ) =4 FIVE L D KiEoD
REBRA TR T 5.

NAITSATHET / ) =k ATHICEET B kb DB RAIHC OV CRE L, HiEe %
GO b LD B e ORR AL 2 Uiz, BIbiEiE 20 + 2°C, B aEyell ok
SRR ST 4 L BRAT O O WIS, SIAUC & B 4 AR TOBERE, O BB AATER
5. BEBIETTH D KSR E 2 T0 525, b2 L b EBOKT V0O NaCl
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¢ KCl O@EEROLRT, Mg, Ca FOMEBIIEBCIIL ) KX NEELRIL .
DL IRAEREEBICL CTF /) = HORRED NS 2 F o 1.

F /) =D w? MEXEEOAER EFITLTHML, To7MBIAEYRL LT
AR LI EEE IR 2R D 30~26 %% DT\ 5.

K *Vu@'ﬁ 3‘5%} 170 E BTG, Tube method Gk 8.8 g/m?/day, Tank method
Tk 74.7 mg/m?*-day~58.2 mg/m?*-day Tk o 7-.
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