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Halolysin SptA boosts the long-term survival of haloarchaea
Natrinema sp. J7-2
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Abstract: [Background] Haloarchaea are able to survive in salt deposits for millions of years. Many
haloarchaea produce extracellular subtilisin-like proteases (Halolysins). The Halolysins are folded in
cells and transported across cytoplasmic or thylakoid membranes by Tat pathway. In addition, they
mature automatically and most of them are produced at the late log phase and peak when the culture
enters stationary phase. At the moment, the enzymatic properties, autocatalytic activation, and secretion
mechanisms of Halolysins have been widely characterized. However, the physiological functions are
rarely studied. Halolysin SptA is the major extracellular protease of Natrinema sp. J7-2. Previous studies
showed that the growth phase-dependent production of SptA relies on the cooperative action of multiple
cis-acting elements, allowing SptA to participate in the growth-phase transition of strain J7-2. SptA also
contributes to the continued survival of strain J7-2 after the death phase. [Objective] To study the effect
of SptA on long-term survival of strain J7-2. [Methods] Strain J7-2 and Aspt4l mutant were cultured
under nutrient-deficient, non-exogenous nutrient (liquid), and nutrient-rich (solid) conditions for a long
time, respectively. The growth, survival, and SptA expression of the two strains were compared to
further investigate the role of SptA. [Results] J7-2 strain produced more SptA under nutrient-deficient
conditions, and number of viable J7-2 strain cells was significantly larger than that of viable AsptA1
cells after 33 days of growth under such conditions. strain J7-2 and Aspt4 1 underwent multiple events of
cell division and cell death during long-term incubation in the absence of exogenous nutrients. The
number of viable J7-2 strain cells was significantly larger than that of viable AsptA1l cells during the
prolonged incubation (73-200 days). At the late stage of culture (160 days) on nutrient-rich solid plates,
due to nutrient depletion, J7-2 strain benefited from SptA in terms of long-term survival by assimilating
and utilizing the degradation products of proteins derived from dead cells. [Conclusion] The
SptA-mediated cell death and degradation of dead cell-derived proteins enhance the long-term survival
of J7-2 strain in response to nutrient starvation by helping J7-2 strain to scavenge dead cell-derived
nutrients. This study provides new insight into the physiological role of Halolysins.

Keywords: haloarchaea; Halolysin; SptA; long-term survival
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F 5% i o Ak W8 R TR Natrinema sp.
J7-2 N H AR AsptAl . Natrinema sp. 17-2 J&
Natrinema sp. J7 BFR(53 25 H A0 IR0 7E
e IR 8 T SOk pHH205 (5557
/1 Ty 5 o o 9 P A R R 17 % e S e |
ST AR Asptdl SRR 17-2 Yeafk b
sptA Wit Ji BT G X R A ) B PR AR
1.1.2 EHRE

18% MGM (g/L): K3 1.00, 2 FH ik 5.00,
NaCl 144.00, MgCl,-6H,0 21.00, MgSQO,-7H,0
18.00, KC14.20, CaCl, 0.33, Tris base 0.36, pH
7.5.23% MGM (g/L): fEERRy 1.00, #E 11 5.00,
NaCl 184.10, MgCl,-6H,0 26.90, MgSQO,-7H,0
23.00, KCIl 5.40, CaCl, 0.42, Tris base 0.46,
pH 7.5, 23% diluted MGM (DMGM): 5 5515
Frbk, R ER S AU 23% MGM K
1/5. 23% salt water (SW): JCAMNREFRYI T, &
A5 23% MGM A [ (458 13 (H ke = 25 11 R A
Bebbbr . ARG R IE(e/L): BUIRRY 15.00 413
FHR(g/L): BiEYIkY 10.0,

113 EFERAFFINER

Azocasein, Sigma /3 ¥F]; Blue Plus Protein
Marker, JtI e B YHEARARA A mik
fEpRic E P IgG(H+L), B RAERH A BRA
G 5r%) s Bk . . BERR AR,
Oxoid /ANl ; FHMRLF4EE L, MilliPore /A H];
WiNE 45, BD 4\ 7l ; NaCl, MgCl,-6H,0 , CaCl, .
TCA. WHEAS, 244 k20 PR A A 5
APS. SDS. WMt , Amresco AT, 25
WRG o, ERSIRET R FEARI LA
PR H s 6B EETT, Eppendorf A w] 5 HLAAHE

KRS, FUAE R A A A A H R E
FEHLIKAL . SR r kAl . I L H UK R K F
KA, dER S — B R A BR A F .
1.2 A&
1.2.1 HEEF

FRR J7-2 MRAK Asptdl R E 23%
MGM AR RS2 5, 37 °C, 180 r/min £ 3%
TERBLRE T, 7EEFRELZ 1 23% DMGM
FHF S T ISR G R WA RAE TS AN
BRI BIEOLT BER N W AEAEN, Rk
TE 23% SW KRG . MK Hh4mt, S
BT RR 17-2 R RASK AsptA ] 370 5] 23% MGM
T 37 °C T AL, DL 1%4 R i 5 e AW
fif 23% MGM REFFEHFERFE R ODgoo 21N 1.0,
FEERE A 50 mL 23% DMGM &5 100 mL 23% SW
SR IR, BUREN ODgoo (8. M E 15 4K,
BB 2 ATE 18% MGM “EAH |, 37 °C 1555
5-10 do FHIE AL B XA KA (ODeoo 2170 0.6)
IR AR J7-2 S 5878 1A Asptd 1 7E 23% MGM *F-4
Rk, 37 °C KigE, FAMICREESE 16, 96,
160 d BB 5 FFAE, [RIAFER 16, 160 d B 7% 3D
% 23% MGM iE G kil %, AREHMHZER
B IR TE AN
1.2.2 N EBEEM4

P azocasein A JEEPIRIIN MR J7-2 S 588 {4
AsptA] F53E)_F3E W R R TG 1 B 100 pL
R #Y) i, A 100 L 0.5% azocasein it
il 200 uL W, F 37 °C W 60 min, &
JE A 200 pL 40% TCA 2110 IR IR A1)
FURMCE 15 min, 12 000 r/min 20> 10 min, )
B _FIEWAE 335 nm K AR SEE(ODs35) o i
TG JTRAL(UYE SR 7E LIRS, 4
F A ODsss B 4080 5 0.01 T 75 21 il i
FAGTE 71 U BRAESRY) BIEWAARTFBR LA ODgoo
THE LA R LTS T .
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1.2.3 Western blotting
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A KA A AR VE R, B 07-2 BERRAIZE
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DMGM) 555, it b —F K AAE A
SptA MRS UME L — AT SptA IIFEM

PO 2 BRIATESEE F7(23% DMGM) K5
BHIRQ23% MGM)FAA TN IAERKM& LB, 57
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Kf @ 0wk, I E RS AR K 205 i
S B 1A A1 1B), X WAREFE N E TN
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HNEE T 5 AT SR A6 X B80S A T LR B I e A
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A K 2 5 R SR B AR SptA A%
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N, T7-2 BRI IR AsptA ] FERRE WIS d))
TR, BEE RS IR E] A K 3 (76 T
BORWr L, X AR T E R Y BUEAE S
(5 SR, 1€ 23% DMGM 4K 33 d Ji, 7716
Yy J7-2 AR I B0 (2.48%10° CFU/mML) B # %
FHEEHY AsptAl AR (1.09x10° CFU/mL),
FKUTEFEE IR 5T SptA AT J7-2 HkkH
KA
2.2 SptA BEIT J7-2 EHRETINEERY
RMBERTKEBERE

BT RER TELINERY RGN T
SptA =& A B TIEER W R A A7 fF J7-2 TPk
FRASNR AsptA ] 1E 23% MGM H 15 37 B XU E
KIG#I(ODeoo 210 1.0), WA FE AT A Sk
PEAN IR B 23%ER 75 (23% SW) I Pk L BRik i
Bk, B w2 EET 23%
SW 1, SRJS7E 37 °C Kb E iR E . Wit
o 7 B AL AR 07-2 TR AR A Asptd 1 9 2E
Koo S W AU R AR SRR SptA 7EIX
PGS N RThae. BIIRE 50d 25, 7E17-2
TR 7 VR TR 9 v AT A 0 1 A A 2
KR EPE(E] 2A), S5 FV] 172 TEERREEAETC
SMRE FRY BRI LT A2 SptA. 7E 200 d 1)
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1 SptA 3£ 23% DMGM. 37 °C &4 T1EF B Natrinema sp. J7-2 £ K MEFEHEMW A J7-2
T AR S AR Asptd ] 7E 23% DMGM H AR K T 2R A AR PS84 ODsgoo A5k M I 1
AR, L azocasein IR HATHIAMNE BTG PEIE ; B: J7-2 WHRTE 23% MGM #1 23% DMGM
TR L AN U LTS T, 2 B IBOS O R ORI AR S P IR B SR E ODgoo, MU SR 35 W LA
azocasein A ISP E MIAME IR M MR E ARG LG 15 C: J7-2 TEMRAYSPEENE AT, 1E48 5
6] 55 KK B T 500 pL 23% DMGM 853240 (0 ob b 35 () 20 T 9 4070 (s) PR AL AS 7 4 70 (1) 647 LA SptA
Z TN —$TH Western blotting &, A7 ET 3k FRiE | SptA AR E ; D IEEITHEL, BGHR
23% DMGM B SR def 7 SHke, Fid M BRI 7E 18% MGM Bitfig-Fl I, SRJSTE 37 °C g% 10 d
DA W AN Kt s AL B AT D TR 3 YOy SEB B F-S (B AR T 22 (IR 224R) (**: P<0.01)

Figure 1 The effect of SptA on the growth and survival of Natrinema sp. J7-2 cultivated in 23% DMGM at
37 °C. A: Growth and extracellular protease production. The growth of strain J7-2 or mutant AsptAl
cultivated in 23% DMGM was monitored by the change in ODgy, and the culture supernatants were
subjected to azocaseinolytic activity assay; B: The extracellular specific azocaseinolytic activity of strain
J7-2 grown in 23% MGM and 23% DMGM. The cultures in mid-log phase, late-log phase and mid-stationary
phase were measured ODgqo, respectively. The culture supernatants were subjected to azocaseinolytic activity
assay and calculated specific proteolytic activity; C: Immunoblot analysis of strain J7-2. At the time points
indicated, the culture supernatants (f), cell extracts (s), and cell debris (i) from 500 pL of 23% DMGM
cultures were subjected to anti-SptA immunoblot analysis. The position of mature SptA on the gel is
indicated by an arrowhead; D: Viable cell counting. Aliquots taken from 23% DMGM -cultures were
appropriately diluted, plated on 18% MGM agar plates, and then incubated at 37 °C for 10 days to determine

the numbers of viable cells. Values are expressed as the means and standard deviations (error bars) of three
independent experiments (A, B, and D) (¥*: P<0.01).
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Bl 2 SptA W7 23% SW 1 37 °C & T8 B 8 Natrinema sp. J7-2 £ KIMTEFFHEE  A: J72H
PR B R TRAL A AsprA ] WA I A AN E ARG s B J7-2 MR S RAL K Asprd ] BTH RTHEL,
AR AT, IR T 200 d SR IR 23% SW RI/KAFZE % BUEFRR N 3 kST SE56 A F- 2
FIBRE N 25 (IR 2E4R) (*: P<0.05; **: P<0.01)

Figure 2 The effect of SptA on the growth and survival of Natrinema sp. J7-2 incubated in 23% SW at
37 °C. A: The growth curve and extracellular azocaseinolytic activity of strain J7-2 and mutant AspzA1; B:
Viable cell counting of strain J7-2 and mutant Aspt41. The water evaporation during 200 days of incubation

in 23% SW was considered. Values are expressed as the means and standard deviations (error bars) of three
independent experiments (*: P<0.05; **: P<0.01).

REVTEXFZM T EMNEh 7T 2R A2 SRR E PE(73-200 d, # 2B), fAIE 1 J7-2
A AET PR R 20 R 0 B3 1) (B 3 2 T AEIE 1Y AsptA 1 41
FAk, FIHMZEBMEBEOWE TIRE AL B8R, X—WRMmIE T SptA 7£ J7-2 FEF
W AIER, KBRS 2ZairiE ) —8,  FSEA RIS =Y R B 2, R %
200 d MIEE G, J7-2 WHRMEAE B TAETIMNEERYEEL T SptA X iEEh
AsptAl R ZHFPIR ML AR A ERCRANAE , X R 2
HilrEA A EAb SR EMAEE 2.3 SptA BT J7-2 BHRTE 23% MGM
ARl (AE g E /BRI L) G NEREKAER
(# 3), efimA R A 4 . A5 —12 AUTA &2 B SptA A FF J7-2 BARTER A IR
M, KR TR ZER R 200 d $3007-2 Witk PRI, ZERIEEEE AR R T REL T
FIRASN AsptA] B iF W B MARF R Fok oy 36k WUARREE, [RIRPREERE 17-2 FISZEIK Asprdl 1
M2y 1.5 4%, FIEHEREE W E 4R 23% MGM 415 ERIZE T 37 °C KEIRG3%,
ey 1.5 5 24), XEWEERT RPN HWERREERIEMERIEE kK BHEE 377 0 8]
MEEEARIEAAS . HI, 17-2 FERAIZEAE  WIER, Witk J7-2 B B0k A4 B & 2 4k
TR AsptAT TG ANMUECR (3 sh AR AL e TG (BT 4A). 1537 16 d I, BikK 17-2 BURIvE I iR
FBELNML 22 7] f) sh A5, P A gt y= 2000 HIE TS R AT B SRR ARRE Bl B A i e S
PEREE ERARAAET ., HEEENRE, £ K, WESEEZEEHZ A AR 4A, 96 d), dkLk
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77-2 AsptAl

0d &

200d

3 HERRIREMER 72 Wk MR Asprdl 18 23% SW 1 37 °C KR E , BURF TR
(0 d)FIZEH (200 ) RIS, HEP ik 2R 5 200 d AR SR IOFPIRAEME, ARR: 10 pm
Figure 3 Phase-contrast microscopic results. Strain J7-2 and mutant Aspt41 were incubated in 23% SW for
a long time. The bacterial fluid at the beginning (0 d) and end (200 d) of incubation were taken to observe the
cell morphology. The arrows indicate the rod-shaped cells in the samples after 200 days of incubation. Bars:
10 pm.

B 17-2 AsptAl
AsptAl

16d

160 d/R

A
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160 d 3
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B 4 J7-2 EHRERTIR Asptdl £ 23% MGM $F R EMNEZFQ)MBERNBERRERB)
A: 172 BMRAIZRABAK Asptd ] TE 23% MGM 45 F-H B35 3% 16, 96 Fll 160 d I EVERAE; B: J7-2 B
PRANZEAS AR AsptAl 1E 23% MGM A L1555 16 d F1 160 d J5 1B 7578 23% MGM X4 H i ki 25 #
22 WA G A 45 R  Horh R 48 17-2 BIMRBE 7 160 d J5 RIZLEA TRV , W TR, 5 Sk ROR AR 1K Asprd 1
Bigr 160 d {GAL SRR P B BOIRAIAE s AR R 10 pm

Figure 4 The colonies (A) and phase-contrast microscopy (B) of strain J7-2 and mutant AsptA1 cultivated
on 23% MGM plates containing 1% skim milk. A: The colony characteristics of strain J7-2 and mutant
AsptA1 cultivated 16, 96 and 160 days on 23% MGM plate; B: After cultivated 16 days and 160 days on 23%
MGM plate, the colonies of strain J7-2 and mutant Aspt4l were cultured in 23% MGM liquid medium
overnight and observed by phase-contrast microscopy. R represents red colony of strain J7-2 cultivated 160 days,

W represents white colony, and the arrows indicate the spheres-shaped cells in the samples of mutant AsptA4 1
cultivated 160 days. Bars: 10 pm.
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Figure 5 Schematic diagrams of SptA expression regulation and exerting functions during the growth of
Natrinema sp. J7-2. A: Schematic diagram of multiple cis-acting elements in the regulation of spt4
expression in Natrinema sp. J7-2. The BRE motif, TATA box and WW motif of promoter are marked. SPS1 is
a positive cis-regulatory element. SPS2 and SPS3 are negative cis-regulatory elements. UASI is a distant
enhancer; B: Schematic diagrams of SptA exerting functions during the growth of strain J7-2. The black solid

line represents growth curve. The red short dotted line represents intracellular proteolytic activity. The red
long dotted line represents extracellular proteolytic activity.
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