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Abstract Glycine betaine (GBT) is a nitrogen containing osmotic adjustment substance widely found in marine algae. The organic amines
produced after degradation can enter the atmosphere through sea air exchange. Recent studies have shown that organic amines in the atmos-
phere can promote the generation and growth of new particles, and have potentially important climate effects. Therefore , the formation mecha-
nism of organic amines in the marine environment has attracted more and more attention. This article outlined the pathways of GBT synthesis
and degradation into organic amines in marine algae , summarized the distribution characteristics of GBT in different algae, discussed the factors
that affect the concentration of GBT in algae,and analyzed the scientific problems to be solved in this field. The future research work is prospec-

ted, hoping to provide a scientific reference for improving the understanding of the sources of organic amines in the marine environment.
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Fig.1 The synthesis and degradation pathways of GBT
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Table 1 Summary of the concentration of GBT and DMSP in chlorophyta,rhodophyta, phaeophyta,bacillariophyta and others in the ocean
HEE GBT DMSP GBT DMSP GBT DMSP GBT DMSP Sk
Marine algae mmol/kg  mmol/kg  mmol/L mmol/L % % pg/ cell pg/cell  References
233517] Chlorophyta
F12EZN Ulvophyceae
1128 Ulva lactuca L. 0. 640 [52]
35.20 [49]
2.600 [50]
fLA1 28 Ulva pertusa 7.76 0. 500 [47]
A 2% Ulva australis 1. 100 [50]
AzkiJE Ulva taeniata 2. 000 [50]
W& Ulva intestinalis 4.14 1. 600 [50,53]
WF& Enteromorpha prolifera 14.78 0. 900 [47]
WiFE Enteromorpha intestinalis 26.50 [49]
0.710 [45,52]
it & Enteromorpha compressa 28.30 [49]
0.70 [54]
LB E Enteromorphalinza 29. 40 [49]
2 Blidingia minima 14. 40 [49]
h% 3% Blidingia marginata 0. 130 0. 120 [45]
23 Spongomorpha arcta 0. 021 0. 057 [45]
Chaetomorpha capillari 38. 10 2. 040 [49]
44. 00 [55]
S EEE Chaetomorpha aerea 0. 300 [50]
T3 Chaetomorpha sp. 1. 900 [50]
Cladophora rupestris 64. 90 0. 430 [45,49]
HEENITE 3 Cladophora glomerata 0. 049 [56]
M2 N3 Cladophora sericea 18. 30 [49]
W Cladophora sp. 0. 100 [50]
JERIREE Caulerpa racemosa 0. 440 [45]
5 E5 3 Udotea petiolata 0. 200 0.012 [45]
KPS Codium fragile 1.200 [50]
0.410 [45)
Codium isthmocladum 0. 190 [45]
Codium tomentosum 0. 120 [56]
FRARKAEE Codium spongiosum 0. 500 [50]
IRAT £ Boodlea coacta 0. 86 [54]
Halicystis parvula 24. 00 [22]
23344 Chlorophyceae
i Tetraselmis sp. 61.70 [57]
Tetraselmis striata 10. 40 [46]
Jiit i Tetraselmis marina 17. 80 [46]
WLE R Platymonasc subcordiformis 170. 00 [58-59]
2 433544 Prasinophyceae
Micromonas pusilla 161. 94 [60]
Pyramimonas sp. 0.53 [60]
£131] Rhodophyta
2T B34 Bangiophyceae
ZPEEESE Porphyrayezoensis 6.72 [20]
INALBRWE Porphyridium purpureum 5.60 [46]
FLLT YN Florideophyceae
M55 TESE Prerocladia tenuis 3.45 0. 200 [47]
XY 3L Prerocladia capillacea 0.48 [61]
LIAESE Gelidium amansii 0. 44 [54]
245 Polysiphonia urceolata 7.43 0. 450 [47]
MMTEZLAE W Polysiphonia lanosa 78. 40 0.61 [49,53]
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EPERE GBT DMSP GBT DMSP GBT DMSP GBT DMSP EZ DTN
Marine algae mmol/kg  mmol/kg  mmol/L mmol/L % % pg/cell pg/cell  References
W6 2245 %2 Polysiphonia fragilis 0.20 [54]
W NFL Digenea 0. 47 [62]
Brongniartella byssoides 0. 035 [45]
Halopitys incurvus 0. 048 [45]
[UT5i3%: Laurencia obtusa 0. 004 [45]
[UITH# Laurencia papillosa 0. 003 [45]
WELAT Plocamium cartilagineum 0.022 [45]
W33 4T Plocamium leptophyllum 0.37 [54]
Calliblepharis jubata 0.012 [45]
MR Gastroclonium ovatum 0.015 [45]
FENN IR EE Plumaria elegans 0. 050 [45]
Piilota serrata 0. 003 [45]
&7 Spyridia filamentosa 0.014 [45]
15 3#17] Phaeophyta
163 4X Phaeophyceae
T Laminaria japonica 0.15 0. 010 [47]
AR Laminaria digitata 0. 009 [45]
Saccorhiza polyschides 0. 070 [45]
Alaria esculenta 0. 016 [45]
BUR P Sargassum thunbergii 0.07 0. 005 [47]
7T Sargassum miyabei 0.52 0. 030 [47]
7T Sargassum muticum 0.016 [45]
SBAAWE Fucus ceranoides 0.019 [45]
Fucus spiralis 0. 002 [45]
Fucus virsoides 0. 001 [45]
JEFASE Halidrys siliquosa 0. 003 [45]
I3 Ascophyllum nodosum 0.07 [63]
Desmarestia aculeata 0. 022 [64]
3 Chorda filum 0. 100 [45]
(I 253 Himanthalia elongata 0.010 [45]
Bifurcaria bifurcata 0. 004 [45]
[6]4E3 Pilayella littoralis 0. 049 [45]
BEAESETE Cystoseira baccata 0.010 [45]
FRGEHES: Cystoseira tamariscifolia 0.90 0. 030 [45,53]
Cytoseira nodicaulis 0.01 [53]
Cladostephus spongiosus 0. 024 [45]
Dilophus fasciola 0. 008 [45]
E Y Scytosiphon lomentaria 0.014 [45]
FE¥17] Bacillariophyta
PB4 Pennatae
=fAataTEEE Phaeodactylum tricornutum 1.70 [46]
0.14 0.11 [51]
AT AT 5 6.71 [65-66]
Fragilariopsis cylindrus CCMP1102
FLl 4 Centricae
B 45 Skeletonema costatum <0.01 0. 27 [51]
0. 00 39,30 [57]
G 453 Skeletonema marino <0.01 0.34 [51]
Skeletonema menzellii 30. 30 [60]
MR TR Chaetoceros didymus 0.07 [51]
B CIREEE S Thalassiosira weissflflogii 2. 60 [51]
ThEEE R Thalassiosira pseudonana 0.09 0.13 [51]
20. 00~30. 00 [30,67]
A A Cylindortheca closterium 41. 42 [60]
BEERE Melosira nummuloides 264. 18 [60]

4:7#17] Chrysophyta
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EPERE GBT DMSP GBT DMSP GBT DMSP GBT DMSP &%k
Marine algae mmol/kg  mmol/kg  mmol/L mmol/L % % pg/cell  pg/cell  References
494X Chrysophyceae
FREEHE4: 3 Isochrysis galbana 0.02 0.38 [51]
4x {635 Chrysochromulina sp. 172.30 124.00 [57]
4035 Chrysochromulina tobin CCMP291 0.61 [59,66]
403 Chrysochromulina sp. PCC307 0.20 [59,66]
IR Prymnesium parvum <0.01 2.27 [51]
111,94 [60]
IINEHATEE Prymnesium parvum CCAP946/6 54.30 [59,66]
LAKEE Prymnesium patelliferum 25.30 [59,66]
166. 42 [60]
Pleurochrysis carterae 170. 15 [60]
Hymenomonas carterae 120. 00 [59,68]
Phaeocystis sp. 71.00~169. 00 [69]
SEMERE]] Pavlovophyceae
[ K740 Haptophyta
E R Pavlova lutheri 0.03 [51]
Wit 4 Cocolithophyceae
A B Emiliania huxleyi 32.60 145. 60 [57]
166. 42 [60]
FH 1] Pyrrophyta
F# %4 F 4% 2K Dinophyceae
JEHH i Prorocentrum sp. 1 082. 00 [59,66]
T/NE R 3 Prorocentrum minimum 880. 06 6. 96 34. 86 [51,60]
0.00 94. 80 [57]
HEIRITECIEE Scrippsiella trochoidea 350. 00 [60]
N R A T
f:fr/rjd\):]fdtz%r; \n%clf)fjriaticum 282.00 [59,66]
RFFHTIEEE Amphidinium carterae 2.70 218. 60 [57]
2 201.50 [60]
B 3E Gymnodinium nelsonii 280. 00 [70]
W31 Cyanobacteria
W4 Cyanophyceae
1 I % Anabaena PCC7120 8.03 [18]
TR L IR RE Anabaena doliolum 12.92 [18]
FIIR 242238 Stichococcus bacillaris 4.20 [46]
FRGHET] Cryptophyta
&3 4¥ Cryptophyceae
Z1 U3 Rhodomonas sp. 0.94 [51]
Cryptochloris sp. 0.03 0.55 [51]
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