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The high-valued utilization of Ulva (previously known as Enteromorpha) bioresources has drawn increasing
attention due to the periodic blooms of world-wide green tide. The polysaccharide is the main functional component
of Ulva and exhibits various physiological activities. The Ulva oligosaccharide as the degradation product of
polysaccharide not only possesses some obvious activities, but also possesses excellent solubility and
bioavailability. Both Ulva polysaccharides and oligosaccharides hold promising potential in the food industry as new
functional foods or food additives. Studies on Ulva polysaccharides and oligosaccharides are increasing and have

been the focus of the marine bioresources field.

Ulva polysaccharide oligosaccharide activity

| 1. Introduction

The Ulva (previously known as Enteromorpha Enteromorpha), known as green-tide-forming macroalgae, has
drawn increasing attention in both the marine environment protection and marine bioresources fields L2, Recently,
the green tide blooms more and more frequently due to the global seawater eutrophication and temperature rise &l
MIBISIT, The largest Ulva-forming green tide in history occurred in the Yellow Sea of China this year, and covered
almost 1746 km2, producing over 24 million tons of biomass [&l. The Ulva genus belongs to the Ulvaceae family and
includes nearly 40 kinds of species such as Ulva prolifera (previously known as Enteromorpha prolifera), Ulva
linza (previously known as Enteromorpha linza), and Ulva intestinalis (previously known as Enteromorpha
intestinalis) (as shown in Figure 1) B For a long time, the Ulva and Enteromorpha were considered as two
different genera, but the molecular evidence indicated that Ulva and Enteromorpha are not distinct evolutionary
entities and should not be recognized as separate genera [2l. Therefore, the taxonomic name “Enteromorpha’ is

currently regarded as a synonym for Ulva.
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Ulva (Enteromorpha) intestinalis

/
Ulva (Enteromorpha) compressa

Figure 1. The morphology pictures of three kinds of Ulva species. (A). Ulva compressa; (B). Ulva linza; (C). Ulva

intestinalis.

The Ulva polysaccharide constitutes the main component of the cell wall of Ulva species algae, and it accounts for
nearly 18% of the dry weight. In addition, it possesses various physiological properties such as antioxidant,
anticoagulant, antitumor, antiaging and immune regulatory activities LULUL2 Therefore, the Ulva polysaccharides

could be widely used as medicine and chemical agents in the agricultural and medical fields [22114],

It is worth noting that another green algal polysaccharide, Ulvan, has also drawn increased attention, and its
structure has been well characterized. The water-soluble sulfated polysaccharide is mainly extracted from Ulva sp.
and consists of a linear backbone with L-rhamnose-3-sulfate (Rha3S), D-glucuronic acid (GlcUA), L-iduronic acid
(IdoA) and D-xylose (Xyl), and the sulfate group is linked to the rhamnose. The two major repeating disaccharide
units of ulvan are - 4)-B-D-glucuronic acid (1 - 4)-a-L-rhamnose-3-sulfate (1-(A3S) and -4) a-L-iduronic acid
(1- 4)-a-L-rhamnose-3-sulfate (1-(B3S) 13, However, the Ulva polysaccharide possesses a more complex
chemical composition and fine structure. In addition, the Ulva polysaccharides exhibit great potential as functional
foods and food additives due to their obvious metabolism-regulatory activity X878 For instance, Guo et al.
discovered that the polysaccharides extracted from Ulva prolifera could prevent high-fat diet-induced obesity in
hamsters 19, They also found that polysaccharides isolated from Ulva prolifera could protect against carbon
tetrachloride-induced acute liver injury in mice via the activation of Nrf2/HO-1 signaling, and the suppression of
oxidative stress, inflammation and apoptosis [29. Lj et al. found that the Ulva polysaccharides could improve blood
glucose regulation, blood lipid metabolism and liver oxidative stress in T2DM cells [2. However, the applications of
the Ulva polysaccharide have been greatly limited by its poor solubility and low bioavailability 22, In order to
overcome this drawback, it is feasible to degrade the polysaccharide into oligosaccharide, which also possesses
the biological activities but also has much better solubility and bioavailability 22, The methods for polysaccharide

degradation mainly include physicochemical or enzymatic methods (241251281 |n particular, the enzymatic method
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has drawn increasing attention due to its advantages, such as its mild reaction conditions and specific product

distributions.

| 2. Activity of Ulva Polysaccharide

The activity of Ulva polysaccharide has been symmetrically investigated and characterized, and this green algal
polysaccharide exhibited diverse biological activities such as antioxidant, antitumor, immunomodulatory,

anticoagulant and hypolipidemic activities (11,

2.1. Antioxidant Activity

Many algal polysaccharides such as alginate, carrageenan and agar possessed obvious antioxidant activity by
cleaning the oxidant radicals and improving antioxidant enzymes’ activity 22, Xu et al. evaluated the antioxidant
activities of Ulva polysaccharide by determining their ability to scavenge 1, 1-diphenyl-2-picrylhydrazyl (DPPH),
hydroxyl (OH"), and superoxide anion (O,™) radicals [22. The results suggested that the Ulva polysaccharide could
clean up DPPH, OH", and O,"~ [23], It could also improve the activities of endogenous antioxidant enzymes such as
catalase, glutathione peroxidase, and superoxide dismutase, which have been viewed as the major defense
system against reactive oxygen species (ROS) during oxidative stress 7. Moreover, Tang et al. found that the
polysaccharides could reduce the content of maleic dialdehyde (MDA) in serum. The low MDA levels resulted in

lower oxidant stress and lipid peroxidation 11,

2.2. Antitumor Activity

The antitumor activity of Ulva polysaccharide has aroused increasing interest due to the tumor’s multiplicity
worldwide (28129 Jiao et al. found that polysaccharides could inhibit tumor growth in S180 tumor-bearing mice, and
could increase the relative spleen and thymus weight 19, They also promoted the expression of tumor necrosis
factor-alpha (TNF-a) in serum and induced lymphocyte proliferation, induced the production of TNF-a in
macrophages, and stimulated macrophages to produce nitric oxide dose-dependently through the up-regulation of
inducible NO synthase activity B9, The Ulva polysaccharide could motivate modulation of the immune system to

indirectly inhibit tumor cells without direct cytotoxicity 11,

2.3. Inmune Regulatory Activity

The immune system includes nonspecific and specific immunity 2. Nonspecific immunity can immediately
respond to invaders without encountering previous pathogens, and gives signals to subsequently activate adaptive
specific immunity 31, Specific immunity involves B- and T-lymphocytes, and its function is activated immediately
after the initial antigenic stimulus B4, The Ulva polysaccharide can significantly increase the relative spleen and
thymus weight of tumor-bearing animals, promote the secretion of tumor necrosis factor alpha (TNF-a), stimulate
lymphocyte proliferation, and augment phagocytosis and secretion of NO and TNF-a in peritoneal macrophages

831 |n addition, the Ulva polysaccharide could promote the proliferation of B lymphocytes and T lymphocytes,
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activate the NK cell and induce the delayed apoptosis of neutrophils, as shown in Figure 2. More specifically, the
polysaccharides could increase the production of reactive oxygen species (ROS), IL-6, and TNF-a through
regulating the expressions of INOS, IL-6, and TNF-a. In addition, the polysaccharides can strengthen the
macrophage phagocytic activity, activate NK cells, increase thymus and spleen indices, and delay neutrophil
apoptosis =8 (Figure 2).
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Figure 2. The schematic diagram of the immune regulatory and antitumor mechanism of Ulva polysaccharides on

the molecular and cellular level.

2.4. Anticoagulant Activity

It has been reported that polysaccharides from green alga have been investigated, showing stronger anticoagulant
activities than those from brown and red alga BZE8IEA wang et al. investigated and elucidated the anticoagulant
activity of polysaccharide from green algae Ulva linza in the coagulation assays, and activated partial
thromboplastin time (APTT), thrombin time (TT) and prothrombin time (PT) 20 The results suggested that the
sulfated polysaccharides could prolong APTT and TT, but not TP. These activities strongly depended on the degree

of sulfation (DS), the molecular weights (MW) and the branching structure of polysaccharides [40] Qi et al.
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evaluated the anticoagulant activity of polysaccharides from Ulva clathrata and an in vitro anticoagulant assay

indicated that FEP effectively prolonged the activated partial thromboplastin time and thrombin time BZ[41],
2.5. Hypolipidemic Activity

Hyperlipidemia, as a common endocrine disease, induces cerebrovascular and cardiovascular activity and
atherosclerosis 42143l Wwhile hypolipidemic drugs such as statins prevent and cure hyperlipidemia, their side effects
cannot be ignored 42, Teng et al. reported that Ulva prolifera polysaccharides presented high anti-hyperlipidemic
activities which inhibited the body weight gain and also decreased triacylglycerol (TG), the total cholesterol (TC),
and low-density lipoprotein cholesterol (LDL-C) levels of plasma and liver 44, They also inhibited the expressions
of sterol regulatory element-binding protein-1c (SREBP-1c) and hepatic acetyl-CoA carboxylase (ACC) in high-fat
diet rats. SREBP-1c enhances the transcription of the required genes for fatty acid synthesis 44, ACC, as the rate-
limiting enzyme in de-novo lipogenesis, controls the B-oxidation of fatty acids in the mitochondria. Moreover, Ulva
prolifera polysaccharides showed pancreatic lipase inhibition activity 2. The polysaccharide from Ulva
prolifera exhibited a stronger hypolipidemic effect than simvastatin and enhanced endogenous antioxidant

enzymes and decreased MDA content and lipid peroxidation in serum 441146l

| 3. Activity of Ulva Oligosaccharides

So far, more and more studies are focusing on the activity of Ulva oligosaccharides 221238, However, the reports are
still very scattered with the mechanism of related activity and the structural-activity relationship of oligosaccharides
was still undefined due to the complexity of the Ulva oligosaccharides’ structure. LU et al. evaluated the
antibacterial activity of Ulva oligosaccharides and their selenized derivatives prepared by acid method 2. They
found that the selenized Ulva oligosaccharides showed stronger inhibitory activity towards Eschetichia coli and
plant pathogenic fungi than that to Staphylococcus aureus [2748] Lju et al. studied the anti-aging and anti-oxidation
effects of Ulva oligosaccharides in SAMP8 mice (23], They found that Ulva oligosaccharides can protect neurons in
the hippocampus by significantly reducing the secretion of inflammatory factors such as IFN-y, TNF-a and IL-6,
and improving the brain-derived neurotrophic factor (BDNF) [28], Liu et al. evaluated the immunoregulatory effect
of Ulva oligosaccharides in a cyclophosphamide-induced immunosuppression mouse model #2. |t can be found
that Ulva oligosaccharides can activate the immune system by promoting the secretion of NO, up-regulating the
expression of cytokines such as IL-1(3, IL-6 and TNF-a, and activating inflammatory bodies such as iINOS, COX2
and NLRP3 9 Xu et al. studied the antioxidant activities of three Ulva oligosaccharides, and found
that Ulva oligosaccharides can effectively eliminate the DPPH, OH', and O, 23 Li et al. investigated the
antioxidant capacity of Ulva oligosaccharides and found that the activity was closely related to molecular weight
B9 specifically, Ulva oligosaccharides with low molecular weight can scavenge superoxide anion and hydroxyl
radicals with an IC50 of 0.39 mg/mL B9, Zhang et al. found that 2.28 mg/mL of Ulva oligosaccharides prepared by
an H,O, oxidation method can scavenge 92.2% of the hydroxyl radical, which is higher than Ulva polysaccharides
with the same concentration 28 That is probably because there were more hydroxyl groups in the
oligosaccharides’ structure (281, Cui et al. prepared complexes of FeZ* ions and Ulva oligosaccharides, which can

be used to treat iron deficiency anemia as a nutritional supplement for iron BY. Wang et al. discovered
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that Ulva oligosaccharides possessed an anticoagulant activity which was closely related to the number and
distribution of sulfuric acid groups in oligosaccharides “9. Jin et al. prepared ep-3-H, a glucuronic-xylo-rhamnose-
component, from Ulva prolifera, and found that EP-3-H could inhibit cell proliferation of human lung cancer cells by
interacting with the fibroblast growth factors FGF1 and FGF2 52, |n addition, the physiological activities may differ
in Ulva oligosaccharides and polysaccharides, but the specific mechanism still remains unclear. However, herein
could propose the possible reasons based on some experience. The active groups appeared after the linkage of
the polysaccharide was broken down by physical, chemical or enzymatic hydrolysis, and therefore the activities of
Ulva oligosaccharide became more obvious than the polysaccharide. To sum up, the current studies on the activity
of Ulva oligosaccharides are relatively superficial since there is still no appropriate method to obtain
oligosaccharides with a fine structure for studying the structure-activity relationship of oligosaccharides due to their

quite complex structure.

| 3. Conclusions and Future Perspective

In recent years, the biomass of Ulva has increased rapidly worldwide, resulting in a large number of green tides [
49531 Actually, Ulva prolifera has invaded the Yellow Sea for 15 consecutively years, which has damaged the
marine ecological environment in Qingdao and the coastal cities of Shandong Province. It is therefore urgent to
effectively curb the growth of Ulva prolifera and achieve the harmless and high-value utilization of Enteromorpha
prolifera B4B3BEE (35 shown in Figure 3). For instance, the Ulva polysaccharide and oligosaccharide could
eliminate the oxidative radicals such as DPPH, OH’, and O,"", and they could also promote the proliferation of
probiotics of intestinal microbiome composition. In addition, the Ulva polysaccharide exhibited obvious
hypolipidemic activity; therefore, the Ulva polysaccharide and oligosaccharide can be used as a functional food, a
food additive, an antioxidant agent, and animal feed. Due to its excellent rheological properties, gelling behavior,
texture characteristics and antibacterial activity, the Ulva polysaccharide could be developed as a novel medical
dressing to prevent bacterial infection. More importantly, the Ulva polysaccharide and oligosaccharide both
possess obvious physiological activities such as immune regulatory, antitumor, anticoagulant and hypolipidemic
activities, they are important resources for developing novel marine drugs for curing various malignant tumors, and
they are used in the treatment of hyperlipidemia, hypertension and other metabolic diseases. This kind of
carbohydrate that originated from green algae has drawn increasing attentions and became a topic of much

discussion in the marine bioresources and functional foods fields.
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promising applications of Ulva polysaccharide and oligosaccharides.
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