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Research progress in membrane-damaging toxins of
Staphylococcus aureus and natural anti-toxin medicines
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Abstract: Saphylococcus aureus secretes a variety of toxins in the course of infection, and the
toxins damaging the host cell membrane have garnered great attention. Natural medicines are
characterized by structural diversity and low toxicity, and thus it has great potential to mine lead
compounds from plants, animals, and microorganisms. This paper reviews the properties, structural
characteristics, and mechanism of membrane-damaging toxins and summarizes the natural
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medicines against these toxins, providing a basis for the selection of new drugs and the

development of anti-toxin therapies in the future.

Keywords: Saphylococcus aureus; toxins; natural medicine; therapeutic strategies

4 v {04 %) BR 1 (Saphyl ococcus aureus)f2:
— P IZ AR A, REIE D & AR, 24
25%—30% ft FE 2K 4 Bz ok AT S5 W JBE | % A
S aureus'l, S aureus #5717 T ZFEURH T, 4
BUAAR 57 I 52 101 5 S 73 07 B IR AT 5 | 22 e e
PEB , WRERA 00 ALk | a2 L IR .
A BV 0 T I AR I 5 o TS F P AR 4
4, 4] %4 BR 7 (methicillin-resistant Saphylococcus
aureus, MRSA) & Z 2525 S aureus FHAk T B,
T 7 8% 2% 4 65,9 29 BRI (vancomycin-
resistant Yaphylococcus aureus, VRSA)H 8, #2
TN FRATAUERE BT AE 28 25 KA T 1 7 47 i it ik 7+
kR, S aureus T BURME S H W £ Fh
BE R A P i 3R B [ O 0 b m S AT
A R R A YE A 48 A BT
RFm, AR EEERY; U oiF
M= N AGERA 8 = 2 S aureus 11 G HEEL
R, IZRBEURN T2 5 A AE LA A i
FEFH . HEIRANYHOR et R, B R R
mfE EAMMA O TN, R R -
TEANAEL b AT LR A A LR B AR, o5 — T
AR TSR ARG AN AR, AR N AR
FAJE, A AT A S P A A L SR A
W, OB M AE A N R AN YR, AT
Z R A T B AR 2R S aureus 4
WINHFERIEA WEARERBIERER, ZHRE
HOZ R E R R, IR R R Z A
fi; S aureusm] ;"4 A, B. C. D. E. F&Z£
FiATE R, B 100 ng 194 B €08 A Bk 5 1 75
Rzt A EaER, I B e R AR Hht
FIMeaE, NEE 100 °C, 30 min LN RESE 2

W, H Ll B AR m, RESFEYPENG
R FERE T, BT S aureus ML IIHEER
TR AE FE RIS AR, AR o] 400 5 2 2% 43 e A
PUEE R AE 0 B 0 25 Y0 BiF & i 8 AN 16
I7 5 SRS 8 R 4 B A0 TR SR G F 5%y o
RPN L E M AN B bR, MUBLEER N
) 7 4 R A B Ry B AV B 2 2R AR
YL WD Z R 2 AN A, B E R A
A — R UG Ty % . AR SO H
FHUBUES A% 1 R F B R AR 25 Wt 55 it S ik A 7
ZEIR X H A A DG SCEE B T AR R T
Tk, HUZIYTIResr2S, LI S aureus
WRIAIT T RINTF IR 7T S H5

1 ZEFGEF

S aureus 7EAE K EIE A Br B A 2 Fh
BER, HPEEREER X S aureus (YUK E
NEICEE, XFhEEER — 5 n] DL R 40 i
VS, WEIRLLZIEs M, i W] LIRS 3 RAE
N R, X —®UN A BT S aureus 7EE £
AR ST, T TG i . S aureus
FEM EEES R AR LA S 2RI R
WALEER . WA ZRIKFGER AR . PR
fitg . FEEHERFEGER D,

1.1 RERZREMILESR

o-7% Ifil 2= (a-hemolysins, Hlo)t&—F s 20K
PERIE AR, & S aureus L EUG 1Y T B4
JIHF, & 293 MEEEmERIE, X o+ R
2N 33.2 kDa, JEHA S BALEER N,
R I H UK R Ao, AR 5+
PE BN 18 3 4 AR B3R 1T 1Y) 32 AR 42 )8 2R 1 10

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3824

(DGX7ES ik

Microbiol. China

(a disintegrin and metalloprotease 10, ADAM10),
TEAN RS FIE ME AL, FF4R%F Hla SR 55
ALY L RARGE M (18] 1), AR TS 32 40 i 5
IR 3T )2 A M — A 1-3 nm (T8 1E , 40
B P S M B AR

Hlo FUFE AN AL FELTA000 . FIAnRE . IRz 4m
JLR b Bz A ST ph A [ A 0 4 2 T
Hla ZKE I ADAMI0 A8 A, BRI
XT Hlo (RRUEMAA R K ZE SR, #1140, 1 pmol/L Hla
Al NI, iR 4T 40HAE | nmol/L"!

x1 SROFEFKEBERGEER

Table 1 Saphylococcus aureus perforotoxin

BESL HEREAR Yitg
Classification Name Function

Ay 2 RIKTE R AL R

One-component multimeric

o~ I
a-hemolysin
toxins form pore-forming

toxins

MG Z RIBFERMALRER  y-IF IR
Two-component multimeric ~ y-hemolysin
toxins form pore-forming AEAMHE
toxins Leukocidin
I 1A% 73 e it Wl 2 B-# i 3%

Cell membrane components  p-hemolysin

degrade enzyme toxins

FRTH G PE S-V ML
Surfactant 5-hemolysin
E.L eS|
Phenol-soluble modulins
fUE M #ER B o3 A A 55

Pore-forming toxin Epidermal cell

differentiation inhibitor

T I SRARZE 1 I 7 20 ML AR 5 X7 )2 R O il 3

It forms a prepore by assembling into one homo heptamer, and
this prepore matures as a B-barrel transmembrane aqueous
channel

PIASZH 53 58 H AL AR A IR B ) 2 3R, S T L £ L
The two components interactively assemble into multimers on
the target cell membrane, followed by the formation of
transmembrane pores

AR S O O e A Al 225 T e Rl 2 Ll 3 S S 4 e e
b

The specific degradation of sphingomyelin to ceramide and
phosphocholine causes target cell membrane damage

TR WA K RIS K R,V A A i BB 32 B 0

The toxin has hydrophobic and hydrophilic structures on both
sides and lyses the cell membrane causing damage

Wi ADP-RZMESLALIN T AN UFESS , i RhoA K38, JE MUK
T 66 T ) 125 2 i % 3
By ADP ribose base to factor or cell depletion, make RhoA

inactivation, forming large, transient tunnel across the cell

1 o-BMERFA)SELREB)EHREE
Figure 1

Schematic diagram of the structure of a-hemolysins monomer (A) and heptamer (B).
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(1 Hlo ¥ 2T B AT 244700, Hlo bR T RERS B
fif A ML AN, A8 7 2R fif e FE RE A% SR AR M S 1z )
FeEN 1 ADAMIO 193835 91 0E ADAMI10
87 E R o = W NI (A0 2 57031 A 187 N
1E B, T v PR 40 B A E o A R A1
A BT S aureus PEEHLIA A G
1.2 VNARZRUERILEE

W5 2 RAK AL 8 R 5 B4 5y 2 RAK K
FLEER A A REARAL , 38 DK Pk
B, FEA MR AR TR i FLIE , ASIR]
e WL 4y 2 AR L BE R AE R R 2 4>
ANTR)ZH 53 B 7S (F ST S V38 A8 .20 28T it
INRIK(E 2), S ETSMEZIRE A,
RIGHEE F ATE s Rk, 5 5HMS
T RIRIEEIE B N RAR, e AR A M B AR
FTE AL, e B 2R RB S L S AN
FEAAET, TEAGRE TR TR 2R
3 VAR
1.2.1 y-AIl=E

v-7% IfiL = (y-hemolysins, Hly)+& S. aureus #x
WL ZREBALFRZ —. y-IFIME
) F MEAE 2 HIgB, B 547 300 e Bk Ak,

S F RN 34 kDa, 10 S WIAH PR, 4B
HigA (281 MM JERFESE, 32 kDa)Fll HlgC (286 4
GAIEIRERIE, 32.5 kDa), XHFP S W45
F VA8 A1), FEsR i bl % 4351 i
HigA. B Fll HigC. B ZH Al 1 WA B AS ] 9\
kR e R, th HigA . B 4800 Hly 7]
55N B4 fsE sz ik 4k I F- CXCR1, CXCR2,
CCR2 FukAEbi UL T2 kg &1, g
2 NIRRT RN . AR E
WEZAR , DA R RO PR A 4 AN B W A A 25 . P
HlgC. B AU Hly &2 —F ARKFEmPEER,
{HE ] F 33k C5aR1 Fll C5aR2 Z a4 it
122 EW-RATAAmE

7 W - FLAE T 11 40 8 & (Panton-Valentine
leucocidin, PVL)F -V JE45 71 LukS Fl LukF,
Iy T8 K/ K 32-35 kDa, PVL 5214 55 HigC .
B K Hly #H[A], 58 TRE C5aR1 Al
C5aR2 2R 2R iE! . PVL (& T RESERIEZ
AN AT LI S I i A g
123 HWAESFAMME

LukDE 5 LukAB #ifi% 2% F 40 % £ 2
TE S aureus XA KR A S SR MR, LukDE

2 EBI-RATAMMESREA. BS5/\BERONELREE

Figure 2 Schematic diagram of the structure of Panton-Valentine leucocidin monomer (A, B) and octamer (C).
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PRI FLER, ENSEA RS
HigA. B 4Ry Hly 32 R MIE, #2EkE
F CXCR1, CXCR2, CCR5 #il DARC, JrLA
LukDE 3R BLH X5 . A A2 4t it Fnrb PR ks
i S B ALE R, LukAB R FRBE,
BIHHE DL TS 0 0, TR DL S R IARIE K
53, LukAB By R @ Fe e AR 08, B 20 A
MRK LA BOREN, HRER, fTEA
N AR 24 R/ BRATI 1 9 1 000 7512,
1.3 RS EEESE

B-1 Il 2 (B-hemolysins, HIB), &4 330 4>
IR, XTIl 4k 35 kDa (K 3). HIB
J& T AR LR R, iz s R B A
PERSWENGBE TG P, T LUK i 20 6 B a4 i
MIRHENG . 75 Mg IIETE T, KIGEEBEAE 7=k
Tl 1 LB R 8 TR, KA DN B ™ A — Al
FEL Al (14 8 A IR 356 11 AR A A v — Bk Hah ™Y, i
el 240 L 2 A A= s i PR 1 4

FH T R 43I PR 43 2 %) 4 v 00 7 2 BR TR AN
ik HIB EH, KAEGENA E HIB 5 A 7E 4w

B3 p-RMENEHREE
Figure 3 Schematic diagram of the structure of
B-hemolysins.

R AT ER B e L R L AN RAEMERY . 8%
M, W98kl T S aureus HIB & K N #B4E A
TWERAK oSa3 WYL FBe, HIB K& B dl b i
SEEALLEBD HAr, MOk E MR
T, ELEOMEBRE R, 7EE =
G EBRE AP RIEFEE T, @Sa3 #y 2k
A Be 9o vERT I, HIp A WIRE £k,
AT HAb AL EE R B FEVERT, 9% S aureus
(B

14 REEMHFIBESER

S0 THT V75 1 790 2R 2R [ IR B A S K M A
RE P Y — BORR A ,  3 aok AR S e b B D 240 i
BB G WL 2 %o 240 it 3 453405 o

8- Ifil = (8-hemolysins, HIS)J&—F 26 &
FERR K oS- 1M 3= A Sy — e o B 3R
TS PR RV BE 21, RE ARV A 22 A4t R0 R 240 L 25
HIS REf7E I FP R il PH 2 e Btk il , I
IR 58 B POV Bk T X sl A N A0
AT WERAE R 22 41, HIS XAk et e 3K 1 114 D 2
R HABEIRGE 1T, S-IA M KRAE S aureus
122815 F P r e LT R P o EE A

2R 1y AT 7 PE I 15 25 H (phenol-soluble modulins,
PSM)J&—2S HAG W S5 E o MEUE 25 #4) Y 58 326 T
TEMEFI A RREE, h 20-45 R SRR 4 Y,
I F i /NT 5 kDa (K 4) HRIEIREE 4 21
KB, PSM ]/ AH4H . a B PSM (20-26 P4
SLWR)FN b B PSM (43-45 AN EIERR)>, 6 FiR
[ ) PSM BRI\ F 0 Bl 6 FhAN[RIY PSM
(PSMa ., PSMb ., PSMg . PSMd . PSMe Al
PSM-mec).

FETH TG PER R R R S aureus fy HE A
HEREENE NN FZ—, MR 2@
AN, PNRANNE . RN, Zrdnpe st
il A= Wk B TR LR 43 %, A BT S aureus 1Y
4% .
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A 1 B

4 aZl(A)5 b EB)KE AT ERNE
~E

Figure 4 Schematic diagram of the structure of
type a (A) and type b (B) phenol-soluble modulins.

1.5 FLEMEE

2% K2 A A i) 57) (epidermal cell differentiation
inhibitor, EDIN)&—# 250 5L A A7 15 M)
Y, EiE it ADP-RE LM 41 2R 11 RhoA
ik . RhoA J& GTP M (Wlsh#E F 448
HAFS) S 7# i TP A Y B F) Rho 805 1Y i
U, WS Rho WM, AT BT E]4HEF F UK
MR EERIBEIR AL AL, B shLsh & B 22078

% S Hole 45 . EDIN KT ADP-# Mk 5 RhoA
B, SENShE 2N S AEFLIR R
FEAE (R ), (AR AT LA & AE A ML D25,

2 NBEHHE RN RR
BRRGH

FIHT, S aureus i 24 £ 45 5 & 2 iR 2518
Bz B s B A AR R 6T iR R
TS 245 P 5 SR e R 0 5 9 4E A T A\ e
10 77, EAG5E3] 2050 48, FET- KK
JESET AE R IAEAISE 2017 S E &%
MRSA 5 VRSA P @It fo g i 2455 S
(high priority antibiotic-resistant pathogen). 24
e FEULGPUA BRI TR T 290 It AR gk e
T 191 B4 A A RIAE T AR FF 0 vy, R AL BT )
AR TT 58 o AT i R i B BT
BRI ARG INTSE, Bt . PR
PrdrE FERAE TR . CARIBIR AL, KA
254 v R R T PR o3 BEHCAE BE 2R Y
B (3 2), XFEPL S aureus IIEYL . Y TE 3
M FEAR A A O 1 R SR I

Bl 5 RESUINHIFREEREEA)MFLRRE®B)

Figure 5 Structural schematic diagram of epidermal differentiation inhibitors (A) and pore formation

diagram (B)PZ.
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Table 2  Antitoxin therapy natural pharmaceutical ingredients

RPN PRI ) 2% SCHR
Mode of action Drugs for antitoxin therapy Reference
0] <5 € 74 7 R TR VA L3R K WA PSM-a3 19 43 4 HNP1 B2 [34]

It also inhibited the secretion of Staphylococcus aureus a-defensin-1 (HNP-1)

hemolysin family and PSM-a3

LA Ho 719 53 200 fe GRS IR 200 65 14 78 0 e PR TR HRR/NEE. JEAMY . [35-44]
The ability of Hla to destroy cell membrane was decreased by HIME . FALLER . JEANEE* . Wik

inhibiting its secretion PEE s FES

Aloin, apigenin, berberine, magnolol, piperine,
lycopene, total magnolol*, serum containing
Coptis*, Salviae Miltiorrhizae Radix*

i3 S aureus 1 Hla il LukS-PV (956 2K FIHFIF 35260 [45]
BER 15310 Matrine

Down-regulating the secretion of Hla and LukS-PV by inhibiting
the transcription level of Hlo and LukS-PV in S aureus

W S aureus AY Hlo ZEHAYHE K FE Hla B30 R T, FHFARE . HAEE [46-47]
The secretion of Hla was down-regulated by down-regulating Osthole, diosmetin, menthol

the transcription level of Hla gene in S aureus

LN Agr IR RS T I Hlo 1430 BRM . FRER, FEAFNE. HHE [48-53]
Downregulation of Hla secretion by inhibiting the Agr regulatory #r/RHEH A, F:BYE | BRANOE . B SE .
system THER. KRBEEZE, AEE. Bk,

TARFE . RO

Chalcone, isorhamnetin, isoalantolactone,
licorice chalcone A, rhododendron,
capsaicine, thymol, eugenol, luteolin,

chrysin, menthol, alantolin, punicalagin

A Agr JE4E RGP AL Hlo 8 AU MOT TR A AT25HREERTAE Y [54-56]
It protects cells by inhibiting Agr regulatory system and Glycosyl derivatives of paeoniflorin

preventing Hla toxin assembly

e A B e (A A R Hloo AT RNATIL A% 5 I Hio (97008 A RAD . ShIRMIB R . AR [57-59]
Downregulation of Hla secretion by inhibiting transcription of Hla ~ Thymol, dracorhodin perochlorate, resveratrol

and RNAIII in S aureus

5 O P HE R B S 45 5 A ) 95 L3 PR TR 6 TR R Hlo ZEDRCHE 200 S N [60]
1= B A SE R CIfA F FnbA 9% K- Andrographolide

Binding to key amino acid residues, inhibiting hemolytic activity

and down-regulates transcription of Hla gene and its highly

related genes CIfA and FnbA

5 Hlo M55 8 Hla I REZ BIRA], o7 B difl BT

4, MTAREIE L R 1A ﬂ:}z:;'éEE?%: A

Binding to Hlo makes the conformational change of Hla bound ~ Baicalin, Aloe-emodin, morin, oroxylin A

Mﬁ

ERMER, RHR. [61-64]

and unable to undergo free stretching, thus preventing the

formation of heptamers

(GiE3)
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UBIEDE:N PR RIBIT LY 2% 3Rk

Mode of action Drugs for antitoxin therapy Reference

il PVL LI B HNP3 B % [65]

The pore-forming effect of PVL was inhibited a-defensins-3 (HNP-3)

1S AR £ i S 2 4 AR A BR ) T R i 4 5 A/ S SR A KRS T [66]

The resulting structural changes in the erythrocyte membrane Hydrolysable tannins

limit toxin binding and/or oligomerization

Pl /D ) 2 AR o A o [ A 5 27 e I [ et [67]

Reduces receptor content on the membrane or inhibits cholesterol 27-hydroxycholesterol

biosynthesis

VERI T BR B AR, DR SO M A e P R A P T R [ A I [68]

It acts on the cell membrane of the bacteria, thus causing serious P-anisaldehyde

changes in the characteristics of the cell membrane

i LA ClpP 25 11 16 M4 ] Hla A PVL 145300 it e & [69]

The secretion of Hla and PVL was inhibited by inhibiting the Quercetin

activity of ClpP protein

BHF Hlo L RAAL, BH IR 408 B2 B-ERMIKG AT A4 [70]

Blocking the Hla heptamer pore and preventing the exudation
of cellular material

0 Hlo fil 4 19 E-55 258 (1R ZO-1 $145

Inhibition of Hla-triggered damage to E-cadherin and ZO-1

B-cyclodextrin derivatives

ARBR 3,3 - E FIRER [71]
Theaflavin 3,3'-digallate

* o TR AW 1 25

*: Medicines with unclear active ingredients.

21 HFIERDW

4 0 {0,748 2 BR 1 XUZH 43 2 45 (two-component
system, TCS)J2 2l & M A5 2 itk i =
STIHIIRYE RS, T TCS ARG AT, "R
BRI SRR W R SRR s,
B R R - (A gr) A2 815 Hla AT PSM ) EE 2L
247 Agr RS HPIASMABRY RNAIL A
RNAIIL #4 SEANZH A . RNATL % SA 2 G A A
B RS Agr ZIRMIERINT, RNAIIL % 5% A B
g E A HIS, Agr RGN 52 AE S
Jik (autoinducing peptide, AIP), EAA) AIP B
F AR, 5 AgrC 455 IFRERL,
F HIZA5 5805 AgrA, BEfRILK) AgrA 5 P2
M P3 33l 7454, UWKEh RNAII F1 RNAIII 4%
(Bl 6)o RNAIL A] HAZAEHE HIS Kk, [FIHS
5 Hla ) mRNA 454, {# Hla ) mRNA &

SEMEFIE, EET Hla & AT, RNAI
BESEAMEHE AgrD 2 AIP fU33E, i Agr R4
FI DA ] 2 PR AR BE, 98 4 B €0 A A BR 1 B R
HIFFEE 53 W o AgrA % T 306 P2 F1 P35 8l F 4
W RERS B IELS A B 710 PSM E 3T, M
Mmife ¥k PSMs 1Yk,

KRGS EARFES G
HEFFOIE AT @ 1 ] S aureus 19 Agr R RS
SRR AW, B AR R i 8 = Y
S 0 AT SE S MR RNAIIL R G0 & &
GyUh, TR0 E IRV RENS B4 T A Hla A
T HE o AR DG 3 IR A e 77K F- (3R 2)

22 HIHEIERAIINGE

Wk 1 T4 ) 5 DR e SR A ) B 3% 0 b
Hb, G YIRENS B SRR, 04 A
DUIREE 1L ] o I 2R AR R R
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= PSMs
Vv
F* RNAII
Gild———REBy- o> [NagrC ) e —
RNAIII
P3
\\%ma

6 Agr BAERNAZGH D FHR.
BRMESRHEREE

Figure 6 Schematic diagram of molecular organization,
signal biosynthesis and transduction cascade of Agr
quorum sensing system!’*.

ESEY

A L2 AT 3 2L R S RO s E T
PrEE RAEANME L ATFLR I 5 R SR .
BN HEEAFRESAE T o~ 1L 25 45 46 A« — £
X7, @i EKERY o-% MR Tyrl48 .
Prol51 F Phel53 &5 FH4EGHRILLE A, 1 ol
MR A DB R G AR AZ B R A, Toik ik
11 A g, MWTASREIE S -ERIACY, 2 aRA]
HAT 25 AR AT AR Dm0 o i R Y
A, S -RME REIBR, TI-ERKE
FIFE AR, MTATTHBR T o=V I 28 A M TG ERC, A
I B B L RE S HI R Hla A FLYE T, HAE
ARt T 2408 A Gl ARBIEEZE A)m
il oV I 38 N RETE - AR gk Ak,
HNP3 [l 2 Ream &l PVL (LI AEH .
23 RIP G RREM

2558 o TR 5 W2 ARl R A5 1 1 45

AT R B A B VE R . ARl K AR SR T
REC 1R 21 240 S 55 ) A8 AL BR T 1 8 R 1 45 45 FN o
BAk, LAk BRI L0400 % % o-3 10 2 G 35
P00 SR Ak S T A [ R AR T S, R
291t A [ P 7 o AT B ) s ST 278
JEH [ i e % (537 HeLa 41 M F1 AS549 2 Jif 57
S aureus 5 Hlo A3, 5 30 5 5
I AR B A T
24 FIRIPHEIER

PLEE R AH W 2P A S i vh 3 R B
BEMRPER, gsarel | sk
FW RO FRATKERY Y W R Fih
L RU . (RIS S aureus i S/ BUIT A
Pt A BEN R ER, BER EREATMm 4L
BN IR AR B i N R I A VA N e W 7
2%, AR AT DU R YL S, aureus 1/ BT
LTGRO, PSRBT LIE> T S aureus
12 Y T2 BB T i A 2 1)

3 ATHEESGHFRANENK
Lo

£ P TS 25 1 R e SR RN A, il A
FE AR & T BRI AE R A HMEBOE . R A2
FEB Y FRFA SR, A8 BT 25 1 R iR i
FEAC M2 ERIR . AHZY S5
FAZG B X A3 AN ™ 4% o 31X sh P8 i 42 il
ERRITAOR T TR A PR, BB A R 2R
25 R 2 TR R RO Rl SR,
20 2 40-60 FAH AR W REBUR G 25,
MR R, KT . KGR bt A R bR
Y RMERE T I AR S, IRk LT R BH
PUR LY . AR TR R B AR B 25015
TR iR 2 S N R R A A R SRR .
U, B[R] A B R W R DU AR YT AR S 2
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TE“E A R IR ST 10 22—, LK
HEAG 45 6 B B 2% O B R (B R DU T 119 2
Yy, JEANBEHERKME, XEPERES
WY ALH S AN, XRAYA BT
KA Ty 7 A T 2P 258, I ELIAAE R AL
SPERAR, ARSHUE KU FEAEDUN 25w
YNGR TT R R E A

MRIR 25y SHRGTR 2590 2 i H R Y
WFFE IR o RS B T IR 2 A I PR IV FH e
B RAFRIRHCR , (HRXAERIEATRE,
TSR N ok, SAT, 21
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