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ABSTRACT 

 

The production of second-generation biofuel requires a huge amount of freshwater. 

It is estimated that at least three gal of freshwater is used to produce one gal of bio-

fuel. The replacement of freshwater with seawater serves as a potential alternative 

in biofuel generation. Therefore, salt-tolerant enzymes play an important role in sac-
charification and fermentation process. Halophilic β-glucosidase is one of the key 

enzymes for the process. In this study, the β-glucosidase of halophile Meridiani-

maribacter sp. CL38 isolated from mangrove soil was characterized. Strain CL38 

achieved maximum production of β-glucosidase at 12th hour of growth. The β-glu-
cosidase showed highest activity at 2% (w/v) NaCl while highly stable at salt con-

centration ranging from 1-2% (w/v) (more than 96% of relative activity). Its β-glu-

cosidase activity remained active in the presence of 5mM Mn2+, Mg2+, Ca2+ ions, 

and 1% (v/v) Tween-20 and Tween-80. The draft genome sequence of strain CL38 
was retrieved from GenBank database and submitted to dbCAN meta server for CA-

Zymes annotation. Strain CL38 harbors 44 GHs and GH3 are annotated as β-gluco-

sidases. The β-glucosidases of Meridianimaribacter flavus (99.61%) and Mesofla-

vibacter sabulilitoris (97.44%) showed the closest identity with Bgl3a and Bgl3b 
protein sequences from strain CL38, respectively. Glycoside hydrolase family 3 do-

main was identified in both enzymes via InterPro scan server. The presence of signal 

peptides indicated that both enzymes were secreted extracellularly. Five motifs were 

identified in Bgl3a and Bgl3b, with the active site (nucleophile) found at Asp296 
and Asp297, respectively. Collectively, these β-glucosidases could be potentially 

used in the biofuel production, in particular the lignocellulosic biomass pretreatment 

process. This is the first attempt to characterize the β-glucosidase in genus Meridi-

animaribacter as so far none of the lignocellulolytic enzymes from this genus were 
characterized. 
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Introduction 

Fossil fuel is the main source of energy that 

has been widely used worldwide [1, 2]. Due to the 

extensive use of fossil fuels, it is currently facing 

a depletion crisis [3]. The combustion of fossil 

fuels is also known to cause air pollution and 

greenhouse effect [1]. Collectively, this encour-

aged scientists to seek new energy sources. Sec-

ond-generation biofuel seems to be a good re-

placement for fossil fuels [4]. The production of 

the second-generation biofuel from lignocellulosic 

biomass is a sustainable process. It is not only able 

to ensure a continuous supply of energy source but 

also help to reduce the environmental pollution 

arising from agricultural waste processing[5]. 

The production of biofuel requires a vast 

amount of freshwater. Around three to four gal of 

freshwater is needed to produce one gal of biofuel 

[6]. Hence, seawater has been proposed to replace 

freshwater in the process [7]. Seawater has a gene- 

ral salinity of 3.2% (w/v) [8]. As the saccharifica- 
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tion and fermentation of the lignocellulosic bio-

mass involve microbial degradation and enzy-

matic reaction, seawater uses biofuel production 

requires halophiles or enzymes with halotolerant 

characteristics [9–11]. A wide range of places pro-

motes halophiles growth, for instance, oceans, salt 

lakes, coastal lagoons, and estuaries [12]. Besides, 

the mangrove environment is also a place with a 

high possibility of isolating salt-tolerant microor-

ganisms that secrete halotolerant enzymes [13, 

14]. As the mangrove environment consists of a 

high amount of organic matter (i.e., weathered log 

and leaf litter), it is also a good place for discover-

ing novel lignocellulolytic enzymes [15]. 

Lignocellulose biomass consists mainly of cel-

lulose, hemicellulose, and lignin [16]. In among, 

cellulose occupies nearly 40-60% of the lignocel-

lulose biomass [17]. Due to this reason, cellulase 

is the key enzyme for the conversion of lignocel-

lulosic waste into biofuel [18]. Cellulase is a group 

of enzymes, including endoglucanase, exoglu-

canase, and β-glucosidase. These three enzymes 

work synergistically to achieve complete sacchar-

ification of the cellulose into glucose [19]. β-glu-

cosidase plays the most significant role as it gov-

erns the rate-limiting enzyme reaction during cel-

lulose complete degradation [19]. Without β-glu-

cosidase, the intermediate products (i.e., cellobi-

ose and cellotriose) will accumulate and this will 

cause feedback inhibition on endoglucanase and 

exoglucanase activities [20]. 

Meridianimaribacter sp. CL38 was isolated 

from mangrove soil collected from Tanjung Piai, 

Johor, Malaysia (1°16′06.0″N 103°30′31.2″E) 

[11]. It is a bacterium identified as Gram-stained 

negative, yellow-pigmented, rod-shaped, and con-

sidered moderate halophile that can thrive in salt 

concentrations up to 9% (w/v) [11]. According to 

a previous genomic study, strain CL38 is closely 

related to Meridianimaribacter flavus NH57N, 

suggesting that both strains belong to the same ge-

nus and species [21]. Nonetheless, the genome of 

strain CL38 was found to encode different ligno-

cellulolytic genes [11]. Based on the preliminary 

screening, strain CL38 showed positive results in 

some lignocellulose degradation tests, including 

β-glucosidase, endoglucanase, and exoglucanase 

[11]. When writing, none of the lignocellulolytic 

enzymes in Meridianimaribacter genus had been 

biochemically characterized and reported. There-

fore, in this project, the β-glucosidase of strain 

CL38 was characterized  and bioinformatics anal- 

ysis of these β-glucosidases was also carried out. 

 

Material and Methods 

Bacterial culture of Meridianimaribacter sp. 

CL38 

Meridianimaribacter sp. CL38 was isolated 

from mangrove soil by Lam et al. [11] and 

preserved in 20% (v/v) glycerol stock. In this 

project, the bacterium was resuscitated from the 

stock and was inoculated onto marine agar (pH 

7.6). The agar plate culture was incubated at 35°C 

for 3–7 days before the bacterial colonies were 

formed. 

 

Bacterial growth and β-glucosidase activity  

A loopful of Meridianimaribacter sp. CL38 

culture was inoculated into production medium 

(pH7.5), which consists of 5.0g/L peptone, 1.0g/L 

yeast extract, 5.0g/L MgCl2, 2.0g/L MgSO4·7H2O, 

0.5g/L CaCl2, 1.0g/L KCl, and 20.0g/L NaCl [11]. 

After overnight incubation at 35˚C with 180 rpm 

shaking, 5% (v/v) of the overnight culture was 

transferred into a fresh production medium sup-

plemented with 1% (w/v) carboxymethyl cellulose 

(CMC). The culture was incubated at 35˚C, 180 

rpm. Samples were collected from the culture at 3-

hour intervals until the 24th hour and bacterial 

growth was measured by OD600nm. Nevertheless, 

crude enzyme of each sampling point was har-

vested by centrifugation (4˚C, 4500rpm) was sub-

jected to β-glucosidase assay protocol.  

 

β-glucosidase assay 

The β-glucosidase activity was determined by 

using p-nitrophenyl-β-D-glucopyranoside 

(pNPG) as substrate. 5 mM pNPG was prepared 

by dissolving the substrate in 50 mM Tris-HCl 

buffer (pH 7.0). Then, 0.5 mL crude enzyme was 

mixed with 0.5 mL substrate. The enzyme reaction 

was started by incubating the mixture at 35˚C. 

After 30 mins of incubation, the enzyme reaction 

was stopped by adding 1 mL of 1M NaOH. The β-

glucosidase activity was determined by releasing 

the p-nitrophenol (pNP) compound after the 

reaction and the absorbance changes were 

measured at OD405nm using a spectrophotometer. 

One unit of enzyme activity was defined as the 

amount of β-glucosidase that can release one µmol 

of pNP per minute per mL under the assay condi- 

tion. All enzyme reactions were conducted in at 

least triplicate.  
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Effects of salt concentration on β-glucosidase ac-

tivity and stability 

The β-glucosidase activity of CL38 was con-

ducted by incubating the mixture of enzyme-sub-

strate at different concentrations of salt (1-10% 

NaCl, w/v). The stability of β-glucosidase was car-

ried out by preincubating the crude enzyme of 

CL38 with different concentrations of NaCl as 

mentioned, for 1 hour at 35℃. Then, the activity 

and stability of the enzyme were measured by 

standard enzyme assay. Crude enzyme without 

any salt added (1% NaCl, w/v) was treated as the 

assay control with its relative activity expressed as 

100%. The experiment was conducted in at least 

triplicate. 

 

Effects of metal ions, detergents and organic sol-

vents on β-glucosidase stability 

The crude enzyme of CL38 was preincubated 

for 1 hour at 35℃ with 5mM of metal ion (Ca2+, 

Mg2+, Co2+, Ni2+, Cu2+, Mn2+), 1% detergent (so-

dium dodecyl sulfate in w/v, Triton X-100, Tween-

20, Tween-40, Tween-60, Tween-80 in v/v) and 

25% organic solvent (methanol, acetone, isopro-

panol, chloroform, ethanol in v/v). After preincu-

bation, an enzyme assay was carried out. Crude 

enzyme without any additives added was treated 

as the assay control with its relative activity ex-

pressed as 100%. The experiment was conducted 

in at least triplicate. 

 

Protein sequence analysis 

Draft genome sequence of Meridianimaribac-

ter sp. CL38 was retrieved from NCBI GenBank 

database with the accession number of 

QKWS00000000.1. Then, the genome sequence 

of strain CL38 was submitted to the dbCAN meta 

server to identify the Carbohydrate-active en-

zymes (CAZymes) [22, 23]. Sequences listed as 

glycoside hydrolase (GH) family that encode for 

β-glucosidase were selected for further analysis. 

The protein sequence was submitted to the In-

terPro v86.0 server to determine the functional do-

main [24]. β-glucosidase sequences from other 

species were selected from the NCBI database and 

used in multiple sequence alignment via Cluster 

Omega [25]. A phylogenetic tree was constructed 

using MEGA-X software with a neighbor-joining 

method,  and  was  bootstrapped 1000 times [26, 

27]. 

 

 

Results and Discussions 

Bacterial growth and β-glucosidase activity  

The bacterial growth of Meridianimaribacter 

sp. CL38 and β-glucosidase activity in production 

medium supplemented with carboxymethyl cellu-

lose (CMC) were monitored (Figure 1). According 

to the growth curve, the lag phase was observed 

from 0 to the 3rd hour, and then the bacterium 

growth achieved an exponential phase from the 3rd 

to 12th hour and entered the stationary phase there-

after. As for enzyme activity, it was low during the 

lag and early of the exponential phase. The β-glu-

cosidase activity reached its peak at 12 hours of 

bacterial growth (Figure 1). 

 

Effects of salt concentration on β-glucosidase ac-

tivity and stability. 

The β-glucosidase activity and stability in the 

presence of salt were determined (Figure 2). The 

β-glucosidase demonstrated optimal activity at 2% 

NaCl (w/v). When the salt concentration was in-

creased (from 2% to 10%), the enzyme activity de-

creased. The enzyme activity remains more than 

50% at 10% NaCl (w/v) (64.19 ± 1.18%). Whereas 

the enzyme is most stable at 1-2% NaCl (w/v) and 

the stability decreased with the increase of salin-

ity. The halotolerant ability of β-glucosidase pro-

duced by strain CL38 could be due to the adapta-

tion of strain CL38 to its habitat. The mangrove 

which connected the sea and the land create a salty 

environment that require the bacteria to secrete 

halotolerant hydrolytic enzyme to degrade the car-

bon source into simple sugar [28]. 

 

Effects of metal ions, detergents, and solvents on 

β-glucosidase stability 

Table 1 summarizes the results of the β-gluco-

sidase stability when the crude enzymes were pre-

incubated with different metal ions, detergents, 

and solvents. The β-glucosidase activity of strain 

CL38 was relatively stable in the presence of Ca2+, 

Mg2+, and Mn2+ ions as compared to other metal 

ions, which retains more than 80% of relative ac-

tivities. Ca2+ and Mg2+ were commonly found in 

inorganic salts that use in the chemical pretreat-

ment of lignocellulosic biomass [29, 30]. These 

metal salts have lower corrosivity as compared to 

acid solution and this makes it a more environ-

mental friendly pretreatment method [31]. How-

ever, trace amount of metal ions could be found in 
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the biomass after chemical pretreatment [32]. Af-

ter the chemical pretreatment, the lignocellulosic 

biomass will go for enzymatic pretreatment. The 

β-glucosidase of strain CL38 that can withstand 

these trace metal ions will outperform other intol-

erance enzymes during the saccharification pro-

cess of the biomass. Based on Table 1, the Cu2+ 

showed strong inhibition on the enzyme activity 

(24.47 ± 0.49%), this may be due to the autooxi 

dation catalyzed by the Cu2+ on the cysteine resi-

dues of the enzyme, and in turn causing disulfide 

interchange and dysfunctional protein structure 

[33]. The inhibition caused by Co2+ (54.01 ± 

0.85%) might be due to the formation of co-

baltous-amino acid complexes, which are irre-

versible oxidation compounds that formed bet-

ween Co2+ ions and amino acid residues [34]. 

The β-glucosidase of strain CL38 showed the  

 
Figure 1. β-glucosidase activity and growth curve of Meridianimaribacter sp. CL38 cultured in production 

medium supplemented with 1% (w/v) CMC. 

 
Figure 2. The effect of different salt concentration to the β-glucosidase activity and stability 

 

Table 1.  Effect of metal ions, detergents, and organic solvents on β-glucosidase activity. 

Chemicals Concentration of chemicals Relative activity (%) 

Control - 100.00 ± 0.49 

Ca2+ 5mM 81.43 ± 0.36 

Mg2+ 5mM 92.97 ± 0.28 

Co2+ 5mM 54.01 ± 0.85 

Ni2+ 5mM 73.28 ± 0.52 

Cu2+ 5mM 24.47 ± 0.49 

Mn2+ 5mM 99.86 ± 0.81 

Sodium dodecyl sulfate (SDS) 1% (w/v) 13.20 ± 0.44 

Triton X-100 1% (v/v) 27.45 ± 0.31 

Tween-20 1% (v/v) 94.21 ± 0.88 

Tween-40 1% (v/v) 36.20 ± 1.15 

Tween-60 1% (v/v) 56.23 ± 0.67 

Tween-80 1% (v/v) 97.48 ± 0.28 

Methanol 25% (v/v) 3.19 ± 0.49 

Acetone 25% (v/v) 0 

Isopropanol 25% (v/v) 0 
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Table 1.  Effect of metal ions, detergents, and organic solvents on β-glucosidase activity. 

Chemicals Concentration of chemicals Relative activity (%) 

Control - 100.00 ± 0.49 

Ca2+ 5mM 81.43 ± 0.36 

Mg2+ 5mM 92.97 ± 0.28 

Co2+ 5mM 54.01 ± 0.85 

Ni2+ 5mM 73.28 ± 0.52 

Cu2+ 5mM 24.47 ± 0.49 

Mn2+ 5mM 99.86 ± 0.81 

Sodium dodecyl sulfate (SDS) 1% (w/v) 13.20 ± 0.44 

Triton X-100 1% (v/v) 27.45 ± 0.31 

Tween-20 1% (v/v) 94.21 ± 0.88 

Tween-40 1% (v/v) 36.20 ± 1.15 

Tween-60 1% (v/v) 56.23 ± 0.67 

Tween-80 1% (v/v) 97.48 ± 0.28 

Methanol 25% (v/v) 3.19 ± 0.49 

Acetone 25% (v/v) 0  

Isopropanol 25% (v/v) 0  

Chloroform 25% (v/v) 35.71 ± 0.16 

Ethanol 25% (v/v) 0  

 

Table 2.  Selected β-glucosidase sequence from closely related species compared to Bgl3a 

Species Origin 

Protein 

Length 

(aa) 

Per-

cent 

iden-

tity 

(%) 

Accession Ref. 

Meridianimaribacter sp. 

CL38 (Bgl3a) 
Mangrove soil  

761 100 WP_131505993.1 [11] 

Meridianimaribacter flavus Marine sediment  
761 99.61 WP_134198609.1 [21] 

Flavobacteriaceae bacterium 

144Ye 

Near-bottom water 

and surface sediments 

of Benham Bank  

761 98.55 RYH75728.1 [40] 

Winogradskyella vidalii Seawater surface  
759 74.54 WP_179353224.1 [41, 

42] 

Kordia zhangzhouensis Freshwater surface  753 74.34 WP_046745035.1 [43] 

Flavobacterium sediminis Tidal flat sediment  760 69.80 WP_109570126.1 [44] 

Olleya aquimaris Seawater  766 68.69 WP_111659610.1 [45] 

Mangrovimonas xylaniphaga 
Estuarine mangrove 

sediment  

776 48.85 WP_053978191.1 [46] 

Winogradskyella wichelsiae Seawater surface  
780 47.07 WP_179374618.1 [41, 

42] 

Winogradskyella ludwigii Seawater surface  
780 47.01 WP_179337019.1 [41, 

42] 

Meridianimaribacter sp. 

CL38 (Bgl3b) 
Mangrove soil  

780 46.76 WP_131507911.1 [11] 

Mesoflavibacter sabulilitoris Seashore sand  
780 46.25 WP_106680313.1 [47] 

Winogradskyella litoriviva Coastal seawater  780 46.06 WP_173299877.1 [48] 

Winogradskyella echinorum Sea urchin  
780 45.66 WP_186844354.1 [49] 
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highest stability against Tween-80 followed by 

Tween-20, which retained more than 94% enzyme 

activity after an hour of preincubation with the de-

tergents. Detergents like Tween-40, Tween-60, 

Triton X-100, and sodium dodecyl sulfate (SDS) 

inhibited the enzyme activity after preincubation, 

which the relative activities are less than 60% as 

compared to the control. SDS is an ionic surfactant 

that is more likely to disrupt and denature enzyme 

structure due to the interaction of SDS with posi-

tively charged amino acids [35]. In contrast, the 

non-ionic detergents (i.e. Triton and Tween fam-

ily) are less likely to affect the enzyme activity be-

cause they will only bind to the enzyme with weak 

hydrophobic interactions and hydrogen bonds 

[36].  

According to Table 1, all organic solvents 

tested were inhibitors to the β-glucosidase of strain 

CL38. The organic solvents act as chaotropic 

agents which denatured the enzyme by disrupting 

the hydrogen bonds between protein subunits [37]. 

Nonetheless, the β-glucosidase of Olleya aqui-

maris was also found to be inhibited by organic 

solvents [38]. More research on physical or chem-

ical modification on the enzyme is needed if the 

non-tolerance β-glucosidase needs to be involved 

in a process with high concentration of organic 

solvents. 

 

Analysis of protein sequence related to β-gluco-

sidase activity 

Draft genome of strain CL38 was retrieved 

from GenBank database with accession number of 

QKWS0000000.1 and the genome sequence were 

uploaded to dbCAN meta server for carbohydrate-

active enzymes (CAZymes) identification. Based 

on the result, there were 157 CAZymes identified 

in CL38. Among the glycoside hydrolases (GHs), 

GH2, 3, 5, 9, 16, and 144 were the possible GH 

families that were detected in the dbCAN meta 

server which encoded for β-glucosidases. Since 

GH3 is the most common GH family encoded for 

β-glucosidases [39], two of the protein sequences 

identified as GH3 in the strain CL38 genome were 

selected for further study. The two sequences with 

the code of Bgl3a (TBV27841.1) and Bgl3b 

(TBV26231.1) were used thereafter. Closely re-

lated sequences with Bgl3a and Bgl3b were se-

lected by NCBI BlastP and tabulated in Table 2. 

Based on Table 2, most of the closely related 

species were halophile isolated from saline envi-

ronments such as seawater, marine sediment, sea- 

 
Figure 3. Phylogenetic tree of Bgl3a, Bgl3b, and other closely related β-glucosidases constructed using neigh-

bor-joining method; the phylogenetic tree had been bootstrapped for 1000 times (a) and Domains of 

Bgl3a, Bgl3b and others closely related sequences determined using InterPro (b). 
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shore sand, etc. Hence the β-glucosidase isolated 

from these halophiles have high possibilities to be 

halotolerant [50]. Although Bgl3a and Bgl3b be-

long to the same species, there is only 46.76% 

identity between them (Table 2). β-glucosidase of 

Meridianimaribacter flavus (99.61%) showed the 

highest percent identity with Bgl3a followed by 

Flavobacteriaceae bacterium 144Ye (98.55%). 

Whereas for Bgl3b, the closest sequences are from 

Mesoflavibacter sabulilitoris and Winograd-

skyella echinorum with 97.44% and 90.26% iden-

tity respectively. To further analyze the relation-

ship among Bgl3a, Bgl3b, and β-glucosidases of 

other species, a phylogenetic tree was constructed 

(Figure 3).  

The phylogenetic tree (Figure 3a) showed that 

Bgl3a amino acid sequence has the closest rela-

tionship with the β-glucosidase of Meridianimari-

bacter flavus [21]. Moreover, the Bgl3a protein se-

quence also formed a big cluster with the β-gluco-

sidases from Flavobacteriaceae bacterium 144Ye, 

Olleya aquimaris, Kordia zhangzhouensis, Wino-

gradskyella vidalii, and Flavobacteriaceae sedi-

minis [21, 45, 51, 52]. Whereas for Bgl3b amino 

acid sequence, it has the closest relationship with 

β-glucosidase produced by Mesoflavibacter sabu-

lilitoris and was clustered with another group of 

GH3 β-glucosidase from bacteria such as Wino-

gradskyella spp. and Mangrovimonas xy-

laniphaga [46, 47]. Interestingly, all the aforemen-

tioned bacteria belong to the same family taxon 

Flavobacteriaceae, indicating that the protein se-

quence of either Bgl3a or Bgl3b is most probably 

encoded by similar genes that found in the mem-

bers of the family; these two GH3 proteins might 

be part of the core genome shared among the fam-

ily members. 

Nonetheless, regardless of Bgl3a or Bgl3b 

groups of β-glucosidases, these β-glucosidases 

have the same domain arrangements as shown in 

Figure 3b. All sequences consist of a glycoside hy-

drolase family 3 domain which involves in the en-

zyme hydrolysis function of the glycosidic bond 

formed between the two D-glucose monomers 

[53]. Besides, most of these β-glucosidases consist 

of a signal peptide sequence at the N-terminal, in-

dicating that these enzymes are most probably ex-

pressed extracellularly [54]. A fibronectin type-III 

like domain was found in all sequences at the C-

terminal. This domain is involved in ligand-bind-

ing function, protein-protein interaction, and 

could be a novel carbohydrate binding module-

like domain [55–57].   

As shown in the multiple sequence alignment 

(Supplementary 1), there are 5 motifs present 

among the sequences. These motifs could connect 

to form glycoside hydrolase family 3 domain and 

are used as the signature for GH3 family identifi-

cation [58]. By referring to the well-studied β-glu-

cosidase of Chaetomium thermophilum (GenBank 

Accession: ABR57325.2) [39], the active sites of 

Bgl3a and Bgl3b are found at Asp296 and Asp297, 

respectively. This active site is functioning as the 

nucleophile during the hydrolysis reaction and is 

highly conserved throughout different species. 

The segregating site indicated that mutation might 

occur among species to adapt to different habitats 

or conditions [59]. 

  

Conclusion 

To the extent of our knowledge, this is the first 

β-glucosidase characterization of genus Meridian-

imaribacter. The β-glucosidases of Meridiani-

maribacter sp. CL38 remained stable in the pres-

ence of 1-2% NaCl (w/v) (96.28-100%), 5mM 

Mn2+ (99.86%), Mg2+ (92.97%), Ca2+ ions 

(81.43%), and 1% (v/v) Tween-20 (94.21%) and 

Tween-80 (97.48%). Two protein sequences 

(Bgl3a and Bgl3b) related to the β-glucosidase ac-

tivity from Meridianimaribacter sp. CL38 were 

identified with closest identity to Meridianimari-

bacter flavus (99.61%) and Mesoflavibacter sabu-

lilitoris (97.44%), respectively. A total of five mo-

tifs were found in Bgl3a and Bgl3b with the active 

site (nucleophile) found at Asp296 and Asp297, 

respectively. Taken together, the β-glucosidases 

of strain CL38 could serve as good candidates in 

the production of biofuel that involves Mg2+ and 

Ca2+ ions as inorganic metal salt in the lignocellu-

losic biomass seawater-based pretreatment pro-

cess. 
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Figure 4. Multiple sequence alignment of Bgl3a and Bgl3b with β-glucosidase of other species. β-glucosidases 

of Cochliobolus heterostrophus (Genbank Accession: AAB82946.1) and Chaetomium thermophilum 

(ABR57325.2) were used for motifs and active site identification, respectively. Region of motifs were 

drawn with black lines, and the active site was shown in red box. Asterisks indicates fully conserved 

amino acids; colon indicates strongly similar properties between group and full stop indicate weakly 

similar properties between groups. 
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