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Polyamine analysis of unicellular, colonial, 
and multicellular green algae 

-Detection of aminobutylcadaverine, N1-aminopentylspermidine, 

N8-aminopentylspermidine, and penta-amines— 

Koei Hamana1l*, Masaki Kobayashi2l, Takemitsu Furuchi2l, 
Hidenori Hayashi1l and Masaru Niitsu2l 

~Faculty of Engineering, Maebashi Institute of Technology 
460-1 Kamisadori-machi, Maebashi, Gunma 371-0816, Japan 

2lFaculty of Pharmacy and Pharmaceutical Sciences, Josai University 

1-1 Keyakidai, Sakado, Saitama 350-0295, Japan 

To obtain the relation between cellular polyamine distribution profiles and multicellular evolution in green algae, we 

acid-extracted polyamines from 59 additional unicellular, colonial and multicellular green-algal samples (52 species), newly 

analyzed them with HPLC and HPGC, and compared them with 124 previously analyzed green algal polyamine profiles. 

Tetra-amines, norspermine and/or spermine, which are distributed as major polyamines predominantly in multicellular, 

macro green algae, were found also in unicellular photobiontic Trebouxia species and endosymbiotic Chlorella variabilis 

(Trebouxiophyceae), respectively. In the class Chlorophyceae, colonial freshwater Volvox, Pleodorina, Eudorina, 

Yamagishiella, Pandorina, Tetrabaena and Gonium (Volvocales) always contain putrescine, norspermidine and spermidine 

as major polyamines, similar to unicellular Chlamydomonas and Haematococcus, indicating that there is no correlation 

between their colony-forming and polyamine profiles. A novel triamine, aminobutylcadaverine, homospermidine and 

homospermine were all detected as minor polyamines in another colonial alga, Westella (Sphaeropleales). Furthermore, 

the aminobutylcadaverine level increased, and novel tetra-amines N1-aminopentylspermidine and N8-aminopentylspermidine 

appeared in a culture supplemented with 1 mM cadaverine. The occurrence of thermospermine was limited in multicellular 

thallic freshwater Prasiola (Trebouxiophyceae) and multicellular thallic marine Ulva (Ulvophyceae). Caldopentamine, 

homocaldopentamine and/or thermopentamine were distributed as minor polyamines in unicellular coenocytic Codium, 

multicellular branched-filamentous Aegagropila, thallic Monostroma (Ulvophyceae) and filamentous Spirogyra 

(Zygnematophyceae) in addition to Prasiola and Ulva, suggesting that the occurrence of penta-amines is related to 

multicellular and macro green-algal evolution. 

Key words: aminobutylcadaverine, aminopentylspermidine, green alga, penta-amine, polyamine, thermosper-

mme 

INTRODUCTION 

We have analyzed various eukaryotic algae to 

reveal the phylogenetic significance of polyamine 

distribution profiles in varieties of unicellular algae 

by secondary and tertiary symbioses and their evo-

lution into multicellular forms (Hamana, 2008; 

Hamana & Matsuzaki, 1982, 1985; Hamana & Niitsu, 
2006; Hamana et al., 1988, 1990, 2004a, 2004b, 2013, 

2016b, 2017). Within the 124 previously analyzed 
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green algal samples belonging to the two phyla 

Chlorophyta (divided into four classes 

Trebouxiopyceae, Chlorophyceae, Prasinophyceae, 

and Ulvophyceae) and Streptophyta (divided into six 

classes Mesostigmatophyceae, Chlorokybophyceae, 

Kle bsormidiophyceae, Zygnematophyceae, 

Coleochaetophyceae, and Charophyceae) (Inouye, 

2007; Finet et al., 2010; Leliaert et al., 2012), 1,3-diami-

nopropane (3) (numeric codes of polyamines abbrevi-

ated as the number of methylene (CH2) groups 

between amino (NH2) or imino (NH) groups). putres-

cine (4). cadaverine (5), spermidine (34). norspermi-

dine (33), homospermidine (44). norspermine (333), 

spermine (343) and thermospermine (334) were wide-
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ly distributed (Hamana & Matsuzaki, 1982; Hamana 

et al., 1988, 2004a, 2013). Non-photosynthetic achloro-

phyllous heterotrophic green algae Polytoma, 

Polytomella, Prototheca, and Helicospiridium belong-

ing to the class Trebouxiophyceae or Chlorophyceae 

contained putrescine, norspermidine and spermidine 

(Hamana et al., 2004a). In the multicellular terrestri-

al green algae, such as Nitella and Chara, belonging 

to the class Charophyceae, two unusual tetra-amines, 

aminopropylhomospermidine (344) and canavalmine 

(434), were found in addition to the common 

diamines, triamines and tetra-amines (Hamana et al., 

2013). 

Outside of the 124 previously analyzed green algal 

samples, we selected Trebouxia species isolated as a 

photobiont (photosynthetic symbiont) in lichen 

(Ahmadjian, 1960; Inouye, 2007) and endosymbiotic 

Chlorella variabilis isolated from the ciliate 

Paramecium bursaria (Hoshina et al., 2004; Minaeva 

& Ermilova, 2017). Multicellular freshwater Prasiola 

japonica with membranous thalli belongs to the class 

Trebouxiophyceae. Multicellular seaweeds, such as 

thallic (foliose) Monostroma and Ulva, branched fila-

mentous Chaetomorpha and Caulerpa, and unicellu-

lar coenocytic Codium and Halimeda, belong to the 

class Ulvophyceae (Lewis & McCourt, 2004). 

Multicellular branched-filamentous freshwater 

Aegagropila and marine Valonia aegagropila forming 

bubble colonies with large spherical single coenocyt-

ic cells are also found in this class. Gonium, 

Tetrabaena, Pandorina, Yamagishiella, Eudorina, 

Pleodorina and Volvox are the genera of colony 

(coenobium)-forming microalgae, as the members of 

the order Volvocales (Chlamydomonadales) of the 

class Chlorophyceae were evolved from a single 

primitive Chlamydomonas-like alga (Arakaki et al., 

2013; Herron et al., 2009; Inouye, 2007; Lewis & 

McCourt, 2004; Nozaki et al., 2000). Westella and 

Pediastrum (Sphaeropleales) are colony-forming 

(colonial) genera, and Stigeoclonium (Chaetophorales) 

and Oedogonium (Oedogoniales) form branched-fila-

ment and linear-filament, respectively, in the class 

Chlorophyceae (Inouye, 2007; Lewis & McCourt, 

2004). 

To reveal the polyamine components related to 

multicellular morphological development and colony-

forming in addition to their phylogenetic locations, 

here we newly analyzed polyamines of 59 additional 

green-algal samples (52 species) including the above-

mentioned green algae by employing a high-perfor-

Hamana et al. 

mance gas chromatography (HPGC) technique devel-

oped with a long capillary column and a high-perfor-

mance liquid chromatography (HPLC) method 

advantageous for minor polyamine analysis (Hamana 

et al., 2016a, 2016b; Niitsu et al., 2014). 

MATERIALS AND METHODS 

The green microalgae strains supplied by the 

Microbial Culture Collection at the National Institute 

for Environmental Studies (MCC-NIES) and the 

Biological Resource Center, National Institute of 

Technology and Evaluation (NBRC) were cultivated 

phototrophically in the light (10-14 h/24 h) at 

20-25℃ using 1-10 l of the liquid media designed by 

MCC-NIES (http://mcc.nies.go.jp, 2017) and NBRC 

(https:/ /www.nite.go.jp/en/nbrc, 2017), respectively. 

DBT microalgal strains were purchased from the 

Department of Biotechnology, Institute of 

Environmental Biology Co. (DBT) and cultured pho-

totrophically in the media (1-1.5 l) designed by DBT. 

In the additional mass culture of three unicellular 

algae, the medium was supplemented with 1 mM  

cadaverine (cadaverine 2HCI, Sigma, USA). The 

dried powders of Dunaliella DIC strain (DIC 

LIFETEC Co.), Y aeyama Chlorella strain (Y aeyama 

Shokusan Co.), Sun Chlorella strain (Sun Chlorella 

Co.), nichie strain (nichie Co.), ORIHIRO strain 

(ORIHIRO Co.) of Chlorella, and Chlorella Industry 

(Chikugo) strain (Chlorella Industry Co.) of 

Parachlorella are commercially available in Japan as 

food supplements. The freshwater macroalga 

"Kawa-nori''(Prasiola japonica) was kindly supplied 

by Kuwaya Co., Minakami (cultured in the Tone 

River) and Misato-kan of Tange Spa, Nakanojo (col-

lected in the Tange River), and collected by 

Hamana, K. with the support of Shimonita Shizenshi-

kan in the Aokura River, Shimonita, Gunma, Japan. 

The marine green macroalgae "Hitoegusa" 

(Monostroma nitidum), "Ana-aosa" (Ulva perusa), 

"Suji-aonori" (Ulva prolifera) and "Kubirezuta" 

(Caulerpa lentilli/era), and the freshwater green mac-

roalga "Marimo" (Aegagropila linnaei) were pur-

chased from the markets in their habitats in Japan 

(Table 1). "Aomidoro" (Spirogyra sp.) were collected 

from paddy fields in Gunma. Marine "Futo-juzumo" 

(Chaetomorpha spirales), "Tama-baronia" (Valonia 

aegagropila) and "Uchiwa-sabotengusa" (Halimeda 

discoidea), and freshwater "Hime-furasukomo" 

(Nitella fl,exilis) were purchased from aquarium mar-

kets in Chiba, Gunma and Saitama, respectively. 
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Table 1 Concentration of polyamines of green algae 
Polyomloesvヽmollgwe,we/ghO

Gre,oolgoe Ref D,p 即, Cod Doh NSpd Spd APCod HSpd ABCod NSpm Spm TSpm APHSpd Cao HSpm APISpd AP8Spd CPeo HCPeo TP<o AP4NS叫 AP4Spd

Phylvm Chlorophy,o 3 4 5 6 33 34 35 44 45 333 343 334 344 434 444 534 345 3333 3334 3343 3(3)3 3(3~ 
ClossPras/,ophyee,e 
Te,,,,_,,,,,』/,con/ifo,m/,NIES-18 (freshwa,,c) - 1.49 0.25 - O.ot 0.52 - 0.25 - 0.32 0.02 

Te,,ou/ml,,,, 加""'り,,ml,NIES-2572 (morioe) - 0.36 0.03 - 0. 10 056 - - - 1.20・ 
• I mM Cod (5) - 0.05 >2.0 - 0.05 050 0.05 - - 0.99 -

ClossTrebov,/ophyc,,e 

T,eb""''"叩 ldps,o NIES-1271 (phoWblooO (lopoo) - 0.20 0.10 - - 0.60 - 0.17 - 0.07 -
T,ebo,u/ocon/co/o NIES-1278 (pho,oblooO (Jopoo) - 0.25 0.10 -・055  - 0.15 - 0.05 -
T,,bo,u/oe,lc/ NIES-2185 (pho>ob/oo,)(USA) O.ot 0.4S O.ot・0.02 0.% - O.Ql - 0.65 0.02 
Mmulog/ome,o,o NIES-2187 (pho>oblooO(USA) O.ot 0.63 0.27 - 0.03 0.90 - 1.12 - 1.06 -
Chloroldlom soccboroph/1,,m ("Cl,/e,el/o .w,・dmropl』-"'"")NBRC 102700 2013 - 0.04 - - - 0.44 - - -・-
Coceomnodl, 匹, JAM C-137 2004• ・0.02 - - 0.05 052 - -
Coeeom,.w ,,,b,11/psoldw ('Cl』'""""'°'dwropbylが） IAMC-169 2004, - 0.04 - - 0.18 -

Chio~l/o 四,lob/II., NIES-2540 (eodosymbloo,)(Ja四a) O.ot 0.ot O.ot O.ot - 0.60 - O.ot - 0.48 
Ch/o,el/rnmkl,,lo,w 1AM C-212 2004, - 0.15 0.04 - 0.03 0.65 - -
"Ch/wellrnedwrophylo" NIES-640 2013 - 056 - - 0.02 0.13 - - 0.02 
Chfo"l/"wlgo,I, IAMC-27 1982 - 1.89 0.09 - 0.05 2.18 - - - - -

IAMC-207 20040 - 0.37 0.02 - - 0.20 - - - 0.02 

Yoey,maChlo≪llas>ram (foodsoppkmeoO - 0.40 - - 1.20 -

"Chlw,Uopymwldom" Svo・Chlo『di,s>ralo (food svpplom,m) O.ot 0.70 0.02 - O.ot 2.40 - 0.31 
,l<ht,s,ram (foodsvppl,m,o,) - 052 - - 1.12 -

ORIHIRO s>ralo (food svpplemeoO - 0.73・ - 0.81 -

p,,,od,<o.cllob,ljal,,,kll Chlorelloladvs, 巧 "rat,(foodsvpplem,o,) O.ot 0.36 - - 250 - 0.10 -
Pomeh/o,d/o km/e,I (AM C-531 20040 - 1.40 - - 064 -

Pswdodcloた /lop,l,,g.,hclm/1 ("Cbfo,el/o dllpso/de, ヽ')IAMC-87 1982 0.63 0.74 0.14 - 0.08 2.07 -
Bm~ococrn, b,o,,,;; DBT s>ralo - 0 01 - - O.ot 0.60 -

NIES-2199 2013 0.05 0.15 -・1.20 025 - -
NtES-836 2013 - 0.96 - - 1.10 1.21 - -

(Mla,kaml,Gvomo)'Kowo-oocl'No.I・0.Ql - - 0.15 053 - 0.04 
(Nokooojo,Gvomo) No.2 O.QJ 0.10 - - 0.11 0.31 - 0.02 
(Shimooiu,Gvomo) No.3 O.QJ 0.12 - - O.QJ 0.41 - 0.06 

Clo,sChlornphyee,e 

Vol,•orn, 加'"DBTs>rnlo (eoio,y-fo而'"''-188 - 0.02 0.06 -
IAMC419 20040 - 1.74 0.09・0.19 0.15 -

Pleodo,I,, 肛呻/omlcoNIES-735 l<olooy-fo=log) - 1.20 0.04 - 0.90 0.25 -
E,,d,,,l,o 11/foolm,sls JAM C-596 (eolooy-formlog) 20040 - 0.75 - - 0.20 0.33 -
Emfo,l,,ocy/1,,d,lco NIES-722 (eolo,y-fo,ml,g) 2013 - l.20 - - 1.20 1.02 -
珈 aogl,hl,1/o,mlco≪≪NIES-3983(eolooy-fo=log) - I.JO - O.ot 1.07 0.11 - -

Pm,d,,l,w ""'"" NIES-242 (eoloay-fo=l,g) "Km,om,mo - I.JO - 001 0.88 0.88 - 0.05 

T"'"'"'"°'""""'NIES-691 (coooy-fomiog) "Shlowosemo" - 054 - - 0.60 0.23 - 0.05 
Gm,l"m pwomt, JAM C-598 (eoio,y-fo~i,g) 20040 - 0.25 1.35 - 020 0.05 - -

NIES-2261 (aJAM C-598) - I.JO - - 1.09 1.10 - O.ot 
Ch/omydomo"o, opp/,,,o,o JAM C-214 2004, - 1.80 - - 0.20 0.05 -
Ch/omydommm.-,,oew,,,11 1AM C-5 2004, - 250 -• 0.35 0.10 -

Chlomyd""''""ml"h,,,d,;; 1AM C-9 2004, - 2.40 - - 0.20 0.03 -
JAM C-239 20040 - 3.00 - - 0.20 0.02 - -
NIES-223*1AM C-9) - 2.20 - - 0.54 0.22 - O.ot 

Ch/omydomoc,o, sp. DBT s,ral, 0.10 0.70 - - 1.20 0.19 - 0.13 
Ch/o,ogo,,fom e/m,go,,,m JAM C-295 2004, - 1.00 - - 0.35 055 -
Ch/o,ogo"l"m <opU/omm ATCC 50936 2013 - 055 -・0.30 0.43 - 0.20 
Cb/owgo"l"m<omplwm, NBRC 105662 O.ot 0.35 0.10 - 0.60 0.48 - 0.21 
Ho""°'"'""'、,lows,,/, (H. p/m•o/1,)IAM C-392 20040 0.80 0.20 0.02 - 0.45 0.40 -

Ho""°'"'°""'平.DBTs>ralo No.I Li9 0.06 0.06 - 0.30 0.07 - - -
No.2 greeoswame, ● 0.02 0.02 - 0.20 0.20 - - -

No.2 redeys>• ・0.12 0.15 -
D,mollel/osp. DIC s,ml, (C双,d,vppiem•) No.I 1988 - 0.11• - 058 - 0.02 -

No.2 0.02 0.25 0.10 - 0.12 120 - 0.10 -
D,mollello bo,dow/1 ATCC 30861 1988 - 0.06 0.02 - - 0.37 -
Rophldoce/1,m加oplwwNIES-35 "Mv『e-mlkmklmo" 0.04 1.40 O.ot - 0.90 0.09 -
(P,wdokl,d,,,.,1,1/o.rn知 pUmo) + I mMCod(S) 0.10 0.20 >2.0 - 0.80 0.08 0.10 - -

W,s,el/osp. DBT s,rai, (eolooy-fomlog) No.t 0.10 056 0.35 - - 1.20 - 0.71 0.05 
No.2 0.02 0.40 0.02 - - 1.20 - 0.06 -
No.3・0.30  0.40 - - 1.10 - 0.83 -

+ I mM Cod(5) - 0.25 0.42 - - 1.12 0.02 0.55 0.40 
Ped/o,.,,,mblwoe DBTs,ralo (eolooy-formlog) "Kv,shovmo" 0.12 0.12 - - 1.22 0.77 - 0.19 -
s,1, 匹 doal,msp. (Moeboshl,Gv,mo) (,olo,y-fo血 log) 1982 0.04 0.10 - ・O.ot - 0.07 -

Oedoso"l"m ob,mm JAM C-348 (eolooy-formlog) "Soyomldoro" 2004, - 0.20 - ・ 0 3 0  0.0S -
ClmUlsophyeeo, 

Mmmnmmo ,,1,1d,,m (Mle) "Hl,oegv泣" No.I - 002 - 1.10 O.to -

(Fvkvoko) No2 - 0.02 - - 1.00 022 
(Nog四 kl) No.3 - 0.20 - - 0.67 0.45 

UN町砂9ヽso (Nlshlo,Alchl) "Aoo-,oso" No.I 0.10 0.70 0.10 - - 0.15 
(Toyohoshl,Alehl) No.2 O.QJ 0.10 - - O.o? 0.35 

Ul,•op,ol/fe,o (Shlm,o,o,Kochl)'Svjl-oo,ori" No.I・0.10  - - 0.08 0.29 
(E,,,emmo,p/m pmllfuo) (Mvro>o, K~hl) No.2 - 0.10 - - 0.21 0.44 

(Mle) No.3 - 0.06 - - 0.17 0.40 
Aegog,opl/o ""'"'I (Hokkaido) "Morimo" No.I 1982 - 0.10 - - 0.08 
(Aegogmpl/o,o,"e,I) (Hokkaido) No.2 O.ot 0.QJ - - O.ot 0.07 

No.3 0.10 0.10・ ・0.04 0.22 
Co,,le, 即 l,m/1//j,m (Oklo,w,) "Kvblremm" No.I - 0.0, 0.02 - 0.02 0.15 

No2 O.ot 0.05 0.14 - O.ot 1.20 
Chonomo,pho ,plrnle., (Chiba) "Fv匝 jowmo" 0.02 0.02 - - 025 0.34 
Volm,lo oegogmpllo (Kogoshlmo) "T,mo-bacoolo" - 0.20 - - O.QJ 1.02 
C,d/,,mfmg/1, ( M l e ) ' M l r u ' - 0.ot O.ot - 0.10 0.05 
c,,,,,,,.,,,,,,,1.,,,,』 (Ml,)'Nogo-mlrn" - 0.10 0.02 - 0.21 0.66 
珈 1/m,dodlsco/d,o (KagosMmo) "U,hlwo-sobo,e,g,so" 0.22 - - 0.05 I.OS 

PhylvmS, たp>ophyし1
Clos,Zyg,ema>ophyeeoe 
Cfo,c,,l,,msp. (Mooboshl.Gv,mo) (982 - 0.03 - - 058 - 0.02 

DBTs>ralo - 0.16 - - 1.15 - - 0.09 
C,o,,e,l"m smell, 1AM C-570 "Mlk,,,klmo'20040 - 0.02 - - 050 -
s,mヽms,mmsp.(Maeb,shl,Gvo叩） 1982 0.20 0.27 - - 0.02 0.25・- - -

DBTs>ral, - 0.06 - -・1.20 - 0.25 - om 

"'"'°'°'"I""""~"''"" JAM C468 2004, 0.35 0.75 0.10 - 0.35 0.45 - - - -
Pl,,,mw,,,1,,,,,,_,.11,,d,lrnm NIES-306 2013 0.05 0.02 - - - 0.25 -
Splmgym sp. (M≪ 恥 hl,Gvomo) Aom〗do『o'No.I 1982 - O.ot - - 0.17 - . O.ot -

(Moeb≫hl,Gvomo) No.2 1982 - 0.09 - - 0.04 0.77 - - - O.ot O.ot -
(M,eboshi,Gvomo) No.3 1982 - 0.03 - - 0.14 0.07 - 001 - O.ot 0.02 -
(M,e加shl,Gvomo) No.4 0.10 0.72 0.03 - 0.65 t.15 - 0.20 - 0.32 0.02 O.ot 

(N,k,oojo,Gvomo) No5 0.10 1.00 0.03 0.95 0.60 - 0.20 - 0.03 0.02 001 
ClossChorophy,oo, 

Nl,el/ofl≪/11, (M,eb"'hl, Gvom,) "Hlme-fvrasvkomo" No.I 1982 - 0.12 • 0.70 - 0.10 - 007 -

(Osok,) No.2 2013 0.04 0.21 - - 0.02 1.28 - 0.28 - 0.04 0.14 O.ot O.ot O.ot・- - - - -・  
(Solmma) No.3 0.0, 0.30・- 0.02 I. IS - 0.65 - 0.03 0.08 O.ot - - -

Cho,ob,m』,,;; (Osako) "Shojlkvmo" No.I 2013 0.0, 0.90 - - 0.20 7.15 - 0.40 - 0.28 0.10 O.Q7• - -
C/wm "'""o/U (0,ob) No.2 2013 - - - - O.ot 1.04 - 0.30・0.02 0.02・- 0.03 -

Dap (3) (aabbcevlatlons for the numbcc of methylene CH, between amino NH, o, lmlno NH), 1.3-dlamlnoprnpane: Pat (4), putccsclne: Cad (5), cadaveclne: Dah (6). 1.6-dlamlnohexane: NSpd (33). nocspec-

mldlne: Spd (34), specmldlne: APCad (35), amlnoprnpylcadavcrlne: !ISpd (44). homospermldlne: ABCad (45). amlnobutylcadaverlne: NSpm (333), nocspecmlac: Spm (343). specmlne: TSpm (334). thecmo-

specmlne: APHSpd (344), amlnoprnpylhomospecmldlne: Can (434). canavalmlne (amlnobutylspecmldlne): HSpm (444), homospccmlnc (amlnobutylhomospecmldlnc): AP!Spd (534) (a435), 

兄 amlnopentylspermldlne:AP8Spd (345) (a543), N'-amlnopentylspccmldlne: AP4NSpd (3(3)3). N'-amlnoprnpylnorspecmldlne: AP4Spd (3(3)4), N'-amlnoprnpylspecmldlne: CPen (3333), caldopentamlne: 

HCPen (3334), homocaldopentamlne: TPen (3343), thecmopcntamlne: ATCC, Amedcan Type Cultucc Collection. Manassas, Vlcglnla, USA: Chlocella lndustcy, Chlocella Industcy Co., Tokyo, Japan: DBT, 

Depa,tment of Biotechnology, Institute of Envlrnnmental Biology Co., Ltd. Yaeau, Shlwoka, Japan: DIC, DIC LIFETEC Co .. Ltd .. Tokyo. Japan: 1AM, IAM Cultuce Collection, Institute of Molecular and 

Cell"la, Biosciences, The Unlvecslty of Tokyo, Tokyo, Japan ([AM algal collections have been trnosfmed Into NIES): NIES, National Institute foe Envlrnnmcotal Studies Tsukuba, Japan: NBRC. 

Blologlcal Resoucce Centcc, National Institute of Technology and Evaluation, Klsamu, Japan: Yaeyama Chlocclla. Yaeyama Shokusan Co .. Okinawa. Japan: Sun Chlorella, Sun Chlorella Co .. Kyoto, Japan: 

nlchle Chlocella、nlchleCo., Nagoya, Japan: ORIHIRO Chlorella. ORIHIRO Co .. Takasakl. Gunma, Japan: Chlorella Indus1'y Chlocella, Chlocclla Industry Co .. Tokyo, Japan:-, not detected (<0.005μmol/g 

wet weight) (analyaed but not detecmlned as a peak In the HPLC, standacd GC and/or HPGC of the concentcated polyamlne samples, as described In Materials and Methods): *, Quantification of 

diamlnoprnpane (3) and thecmospermlne (334) was difficult In the HPLC of some samples. Due pccvlous data from Refecences (Ref.) ace cited by the ycac of publication. Quotation macks Indicate that 

the name has not been validly published. Focmer algal names ace shown In parenthesis. 

Pm.,;,/"i"P"";," 

0.05 
0.30 

O.QJ 

0.02 
0.03 

0.10 
0.15 
O.ot 
O.IO 

O.o2 
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The seaweeds "Miru" (Codium fragile) and "Naga-

miru" (Codium cylindricum) were supplied by Mie 

Prefecture Fisheries Research Institute, Mie, Japan. 

Microalgae (1-10 g wet weight) harvested in our 

laboratory in the early stationary phase, dehydrated 

microalgae and macroalgae powder (5-10 g), and wet 

macroalgae (50-100 g) were homogenized in 5% per-

chloric acid (PCA). The PCA extract was subjected 

to a column containing a cation-exchange resin, 

Dowex 50WX8 (1 cm I.D. x 3 cm or 3 cm I.D. x 1 cm) 

and then eluted with 6M HCI. The concentrated 

polyamines were analyzed by HPLC on a Hitachi 

L6000 employing a column of cation-exchange resin, 

Hitachi 2619F (=Hitachi 2720) (4 mm I.D. x 50 mm), 

using post-labeled fluorometry after heating with 

o-phthalaldehyde (Hamana et al., 2016a, 2016b). 

After the heptafluorobutyrization of the concentrat-

ed polyamines, we performed HPGC on a 

SHIMADZU GC-17A and HPGC-mass spectrometry 

(HPGC-MS) on a JEOL JMS-700, equipped with a 

capillary column of Inert Cap IMS (0.32 mm I.D. x 

30 m, df 0.25μm) (GL Sciences) at a column tempera-

ture of 120℃ -(16℃ /min)-280℃ and 90℃ -(16℃/ 

min)-280℃, respectively (Hamana et al., 2016a, 2016b, 

2017; Niitsu et al., 2014), as shown in Fig. 1. The 

final identification of the polyamine peaks in HPGC-

MS was accomplished by employing mass spectra 

using authentic linear diamines, triamines, tetra-

amines and penta-amines, and tertiary branched tet-

ra-amines, chemically synthesized in our laboratory 

(Niitsu et al., 1992, 1993) as shown in Fig. 2. The 

mass spectra of the HFB-polyamine derivatives 

were taken from previous studies (Furuchi et al., 

2015a, 2015b; Hamana et al., 2016a, 2016b, 2017; 

Niitsu et al., 2014). Table 1 shows the molar concen-

trations of cellular polyamines per gram of wet 

weight of the starting wet algae, estimated from the 

HPLC and HPGC analyses using the peak high of 

authentic polyamine standards. From the total of 

124 green algal samples previously analyzed, 39 

green-algal polyamine data (analyzed by HPLC and/ 

or standard GC equipped with a packed column in 

1982-2004) related to the 59 new green algal sam-

ples, are cited for comparison in Table 1. 

RESULTS AND DISCUSSION 

Distribution of norspermidine, spermidine, homo-

spermidine, norspermine, spermine and thermo-

spermme 

In our previous analysis of the most primitive uni-

Hamana et al. 

cellular class Prasinophyceae in the phylum 

Chlorophyta, Mantoniella, Micromonas, 

Prasinococcus and Pyramimonas species contained 

norspermidine but did not contain norspermine, 

whereas Prasinoderma, Prasinopapilla and 

Pseudoscourfieldia species contained neither nor-

spermidine nor norspermine (not cited in Table 1) 

(Hamana et al., 2004a, 2013). In the present study, 

freshwater Tetraselmis cordiformis and marine 

Tetraselmis subcordiformis contained both nor-

spermine and norspermidine (Table 1). 

Homospermidine was found in the freshwater spe-

cies. The polyamine profiles varied in the seven 

previously analyzed genera and the two Tetraselmis 

species. We cannot exclude the possibility that their 

growth environments affected their polyamine pro-

files rather than their phylogenetic positions. 

In the class Trebouxiophyceae, the occurrence of 

homospermidine and norspermine in the four spe-

cies of terrestrial photobiontic (ectosymbiotic) 

Trebouxia is unique among the polyamine profiles of 

unicellular green microalgae. Without statistical 

analysis, various polyamine levels were found within 

the four species isolated in the USA and Japan, sug-

gesting the possibility of a relationship between 

their polyamine patterns and their photobiont abili-

ties. The reclassification of the ellipsoidal Chlorella-

like green algae "Chlorella saccharophyla" , 

"Chlorella ellipsoidea" and "Chlorella pyrenoidosa" is 

in progress (Darienko et al., 2010). The occurrence of 

spermine as a major polyamine and the absence of 

norspermidine and norspermine from endosymbiotic, 

amino acid-required Chlorella variabilis NIES-2540 is 

unique among green unicellular algae. This poly-

amine profile resembles to that of Auxenochlorella 

protothecoides (Hamana et al., 2004a) (not cited in 

Table 1). Since C. variabilis and A. protothecoides 

were cultured heterotrophically (nonphotosyntheti-

cally) in CYT medium containing yeast extract and 

tryptone and Pro medium containing peptone, 

respectively, the uptake of spermine from the media 

containing spermine is possible. Homospermidine 

was found in "C. pyrenoidosa" and Parachlorella bei-

jerinckii, however, its level differed within the four 

commercial chlorella supplements (Table 1). 

In the order of Volvocales, polyamines of 

Chlamydomonas reinhardtii NIES-2235 (=IAM C-9) 

and Chlamydomonas sp. DBT newly analyzed in the 

present study showed a similar polyamine profile for 

several Chlamydomonas species. The normal 
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JEOL JMS-700 (A-H) or a SHIMADZU GC-17A (1-L). Numeric codes (abbreviations for polyamines) are 
explained in Table 1. 
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growth cell (green swarmer) and red cyst of 

Haematococcus sp. DBT gave the same polyamine 

profile (Table 1). The red cells were collected from 

an old culture under high light irradiation. 

Westella sp. DBT, Pediastrum biwae, 

Chlamydomonas sp. DBT, and Chlorogonium com-

plexum of the class Chlorophyceae contained homo-

spermidine as shown in the present study. A minor 

occurrence of spermine and thermospermine was 

observed in Botryococcus braunii and Tetrabaena 

socialis in addition to Eudorina, Chlamydomonas and 

Chlorogonium species of the class. Although it has 

been reported that several halophilic Dunaliella spe-

cies contained putrescine and spermidine as major 

polyamines (Hamana et al., 1988, 2004a) (not cited in 

Table 1), norspermidine, homospermidine, spermine, 

and thermospermine were detected in Dunaliella sp. 

DIC as a minor polyamine by the large-scale analysis 

undertaken in the present study. 

As regards streptophytes, thermospermine was 

not detected in Mesostigma (Mesostigmatophyceae), 

Chlorokybus (Chlorokybophyceae), or Klebsormidium 

and Interfilum (Klebsermidiophyceae) (Hamana et al., 

2004a, 2013) (not cited in Table 1). In the class 

Zygnematophyceae of the phylum Streptophyta, 

homospermidine was found as a major polyamine in 

the newly analyzed Staurastrum sp., and spermine, 

norspermine and thermospermine were detected as 

minor polyamines in the newly analyzed Spirogyra 

sp. Polyamines of the green algae belonging to the 

class Coleochaetophyceae of the phylum have never 

been analyzed. 

In the present study, thermospermine was found 

as a major polyamine to a limited extent in thallic 

Prasiola japonica in the class Trebouxiophyceae, and 

thallic Ulva perusa and Ulva prolifera (Ulvales) in the 

class Ulvophyceae. In contrast, thermospermine 

was a minor component in Monostroma 

(Ulotrichales), Aegagropila, Chaetomorpha and 

Valonia (Cladophorales), Caulerpa, Codium and 

Halimeda (Caulerpales) of the class Ulvophyceae of 

the phylum Chlorophyta as well as Nitella and 

Chara of the class Charophyceae of the phylum 

Streptophyta. It is suggested that the occurrence of 

thermospermine is essential for the formation of the 

thallus structure in green multicellular algae. 

Polyamine profiles in colonial green algae 

Colonial green algae are distributed within the 

class Chlorophyceae. Within the order Volvocales 

Vol. 34, No. 2 

(Chlamydomonadales), it has been shown that unicel-

lular primitive Chlamydomonas-like alga evolved 

in to colonial Gonium (4-16 cells in a colony), 

Pandorina (16 cells), Yamagishiella (16 cells), 

Eudorina (16, 32 or 64 cells), eodorina (32, 64 or 128 

cells) and then Volvox (up to 500 cells) through the 

simplest integrated green alga, Tetrabaena (4 cells), 

in which four identical cells constitute an individual 

(Arakaki et al., 2013; Herron et al., 2009). These flat 

or spherical colony-forming green algae are located 

in a clade of the class. Gonium pectonera NIES-2261 

(=IAM C-588) re-cultured and reanalyzed by HPGC 

in the present study showed no cadaverine (5) con-

tent, indicating a misassignment in a previous study 

that used HPLC alone (Hamana et al., 2004a). Except 

for minor distributions of homospermidine, spermine 

and thermospermine, the occurrence of putrescine, 

norspermidine and spermidine, and the absence of 

norspermine were observed in the seven colonial 

genera, indicating that the major cellular polyamine 

profile did not change during their evolution for col-

ony-forming within the order Volvocales. 

Different polyamine profiles were obtained in the 

four other colonial genera Westella (Chlorococcales), 

Pediastrum (Sphaeropleales), Stigeoclonium 

(Chaetophorales), and Oedogonium (Oedogoniales) 

within the class Chlorophyceae, suggesting that the 

polyamine profiles varied in the order levels within 

the class. 

Occurrence of novel and unusual diamine, tri-

amines and tetra-amines 

A minor peak corresponding to the unusual long 

linear diamine, 1,6-diaminohexane (6) first found in 

multicellular macro brown-algal seaweeds belonging 

to the class Phaeophyceae of the phylum 

Heterokontophyta (Hamana et al., 2017) was unex-

pectedly detected in the HPGC of Yamagishiella 

unicocca and Pandorina morum polyamines and 

identified by MS (not shown in Figs. 1 and 2). The 

results show the widespread distribution of 

1,6-diaminohexane as a minor diamine in algae. 

The natural occurrence of aminopropylcadaverine 

(35) and aminobutylcadaverine (45) in algae has 

never been reported, however, their production 

from cadaverine has been expected in unicellular-

algal cultures. Aminopropylcadaverine has been 

found in some bacteria and aminobutylcadaverine 

has been detected in a leguminous root nodule. 

When Tetraselmis subcordiformis (Prasinophyceae) 
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and Raphidocelis subcapitata (Chlorophyceae) were 

cultured in the presence of 1 mM cadaverine (5) in 

the culture medium, aminopropylcadaverine was 

found in addition to excess cellular cadaverine but 

aminobutylcadaverine was not detected (Fig. 1 and 

Table 1). 

Aminobutylcadaverine and homospermine (444) 

were detected in the colonial green alga Westella sp. 

DBT (culture No. 1) belonging to the class 

Chlorophyceae. Since an aminobutyl-transfer to 

cadaverine (5) and homospermidine (44) occurred in 

the green alga, the culture No. 2 in which the two 

polyamines were at low levels, was absent from 45 

and 444. Although the same mass culture conditions 

were repeated, culture No. 2 showed the lowest cell 

density of the four cultures. When the green alga 

(culture No. 3 in which aminopropylspermidine (344) 

and canavalmine (434) were detected) was cultured 

in the presence of 1 mM cadaverine, 35 and 45, fur-

thermore, N1-aminopentylspermidine (534, =435) and 

N8-aminopentylspermidine (345, =543) appeared. 

The ratio of 35:44 in the mix peak in HPGC-MS (Fig. 

lH) was estimated to be 1:20 from MS data (not 

shown in Fig. 2). We think that the two novel tetra-

amines 534 and 345 were produced by an aminobu-

tyl-transfer to the aminopropyl moiety of 35 and an 

aminopropyl-transfer to the aminobutyl moiety of 45, 

respectively. It has been shown that Nitella and 

Chara located in the class Charophyceae containe 

the two unusual tetra-amines aminopropylhomosper-

midine (344) and canavalmine (434) (Hamana et al., 

2013) (Table 1). Although this is the first report on 

the production of 45, 534 and 345 in algae, their 

occurrences in Westella sp. DBT were not constant 

and the biological significance of the polyamines in 

the green alga is not clear. 

The tertiary branched tetra-amines 

N4-aminopropylnorspermi dine (3(3)3) and 

聞 aminopropylspermidine(3(3)4) were detected as a 

minor tetra-amine in unicellular Chlorogonium com-

plexum in the order Volvocales of the class 

Chlorophyceae. This unicellular green alga con-

tained 4, 5, 33, 34, and 44 as major polyamines and 3, 

333, 343 and 334 as a minor polyamine in addition to 

the two branched tetra-amines. The coexistence of 

333 and 3(3)4 in an HPGC peak (Fig. lB) was con-

firmed by MS analysis of the peak (not shown in 

Fig. 2). This is the first report of the occurrence of 

tertiary branched tetra-amine in algae, however, the 

branched tetra-amines have already been found in 

Hamana et al. 

thermophilic bacteria and archaea. 

Distribution of penta-arnines 

Caldopentamine (3333), homocaldopentamine (3334) 

and/or thermopentamine (3343), a long linear poly-

amine, were found as minor polyamines in multicel-

lular Prasiola japonica belonging to the class 

Trebouxiophyceae, Aegagropila linnaei and Codium 

cylindricum belonging to the class Ulvophyceae, and 

Spirogyra sp. belonging to the class Zygnematophyceae. 

Caldopentamine was also detected in the three mul-

ticellular marine algae (green-algal seaweeds) 

belonging to the genera Monostroma and Ulva of the 

class Ulvophyceae. Therefore, the occurrence of the 

linear penta-amines seems to be related to their mul-

ticellular green-algal form. Furthermore, the major 

occurrence of these penta-amines has been reported 

in multicellular brown-algal seaweeds (Ochrophyta) 

(Hamana et al., 2017). On the other hand, we found 

these penta-amines as a major polyamine in unicellu-

lar photosynthetic diatoms (Bacillariophyta) and uni-

cellular non-photosynthetic Labyrinthulea belonging 

to the subdomain Stramenopiles (Hamana et al., 

2016b). The biological and phylogenetic significance 

of the occurrence of penta-amines in unicellular dia-

toms and Labyrinthulea is unclear. 

CONCLUSION 

We have reported the preferential distribution of 

thermospermine (334) and the penta-amines caldo-

pentamine (3333), homocaldopentamine (3334) and 

thermopentamine (3343) in addition to common poly-

amines in multicellular green macroalgae and the 

detection of novel or unusual polyamines such as 

1,6-diaminopropane (6), aminopropylcadaverine (35), 

aminobutylcadaverine (45), N1-aminopentylspermidine 

(534) and N8-aminopentylspermidine (345), homosper-

mine (444), N4-aminopropylnorspermidine (3(3)3) and 

N4-aminopropylspermidine (3(3)4) as a minor poly-

amine in some unicellular green microalgae. 

Further polyamine analysis of additional endosymbi-

otic, photobiontic and achlorophyllous green-algal 

species and a comparison of polyamine distribution 

patterns in marine and freshwater green algal spe-

cies in their environmental adaptation are in prog-

ress. 
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単細胞性，群体性，多細胞性緑藻類のポリアミン分析

ーアミノブチルカダベリン， NIーアミノペンチルスペルミジン， NSーアミノペンチルスペルミジン，

およびペンタアミン類の検出一

浜名康栄見小林正樹 2), 古地牡光叫林秀謙 u, 新 津 勝 2)

1)前橋工科大学工学部， 2)城西大学薬学部

緑藻類の多細胞化と細胞内ポリアミン構成との関連を知るため，新規59試料 (52種）の単細胞性，群体性，多細胞性の緑

藻から酸抽出したポリアミン画分を HPLCとHPGCとで追加分析し，既分析の 124緑藻種のポリアミン構成と比較検討した．

テトラアミン類のノルスペルミンとスペルミンは多細胞大型緑藻に主ポリアミン成分の一つとして顕著に分布していたが，

おのおの単細胞性の地衣類共生 Trebouxiaと繊毛虫共生 Chlorellavariabilis (ともに Trebouxiophyceae)にも存在していた．

Chlorophyceaeでは，群体性の淡水産 Volvox,Pleodorina, Eudorina, Yamagishiella, Pandorina, Tetrabaena, Gonium 

（いずれも Volvocales)は単細胞性の ChlamydomonasやHaematococcusと同様に，プトレシン，ノルスペルミジン，スペル

ミジンが主ポリアミンであり，ポリアミン構成はこれらの群体形成に関係しないと思われた．ホモスペルミジンとホモスペ

ルミンに加えて，新規トリアミンであるアミノブチルカダベリンが別の群体性の淡水産 Westella(Sphaeropleales)に微量成

分として検出された． さらに，カダベリン存在下に培養した場合には，アミノブチルカダベリン含量が増大し，新規テトラ

アミンである N—アミノペンチルスペルミジンと N8ーアミノペンチルスペルミジンを生成した高含量のサーモスペルミンの

存在は多細胞性で葉状の淡水産Prasiola(Tre bouxiophyceae)と海産 Ulva(Ulvophyceae)に限定していた．カルドペンタ

ミン，ホモカルドペンタミンあるいはサーモペンタミンなどは， PrasiolaとUlvaに加えて，単細胞で多核嚢状性の Codium,

多細胞で分岐糸状性の Aegagropila, 葉状性の Monostroma(いずれも Ulvophyceae) および糸状性の Spirogyra

(Zygnematophyceae)で微最ではあるが検出されたので，ペンタアミン類の存在は緑藻の多細胞化や大型化と関係すると思

われた．
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