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Biosensors: 50 Years Development and Future Perspectives

Abstract

Biosensors are the devices made of biological elements and physical or chemical transducers for fast
and specific determination of biological or related substances, of which is a typical convergence
technology. Biosensors have broad application prospects in life science research, disease diagnosis and
control, bioengineering process control, agriculture and food security, environmental quality monitoring,
biosafety and biosecurity, etc. 50 years after its birth, biosensor technology has entered a new phase of
vigorous development. The main driving forces are the introduction and implementation of the concepts
of One-Health, Internet of Things, and big data. Research hot topics include wearable and portable
biosensing for point-of-care testing (POCT) and home care, noninvasive analysis, in vivo analysis, online
analysis, field test, ultra-high temporal-spatial resolution, and single-cell biology. Technical challenges vary
in different application scenarios, among which the thermal stability of biosensor recognition elements is
a major concern, which is to be overcome by finding new solution. Literature statistics indicates that the
Chinese researchers as a whole have made dramatic advances during the past two decades and now
ranks top in terms of both paper number in total and the number of high impact papers. However, these
do not mean that China is taking the lead in the field. Achieving academic excellence and exploring the
global market will be the next goals for the Chinese researchers and industrial sector.

Keywords
biosensors; One-Health; wearable; noninvasive; molecular biosensors; nanobiosensors; ultra-high
temporal-spatial resolution

Corresponding Author(s)
Zhang Xian-En

National Key Laboratory of Biomacromolecules, CAS Center for Excellence in Biomacromolecules,
Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China

Zhang Xian-En Distinguished professor in the Institute of Biophysics, Chinese Academy of Sciences
(CAS).He became a full professor in the Institute of Virology, CAS, in 1993, specializing in biosensors,
nanobiology, and analytical microbiology, and has published about 240 peerreviewed papers and three
books.He currently serves as the vice president of the Chinese Society of Biotechnology, co-chair of the
Division of Nanobiotechnology, Biosensors and Biochips of the Asian Federation of Biotechnology
(AFOB), executive chief editor of Chinese Journal of Biotechnology, editorial member or advisor for 6
other scientific journals.From 2002 to 2013, Dr.Zhang served as the director general of the Basic Research
Department, Ministry of Science and Technology (MOST), dedicating himself to the macro management
of science development in China.He has been serving as the Chinese representative of the APEC Meeting
of Chief Science Advisors or Equivalents since 2013(except for 2014) and deputy head of the Expert
Advisory Group of the National "973" Program.In 2015, he was awarded an Honorary Doctor of Science
Degree by the University of Alberta, Canada.E-mail:zhangxe@ibp.ac.cn

This article is available in Bulletin of Chinese Academy of Sciences (Chinese Version):
https://bulletinofcas.researchcommons.org/journal/vol32/iss12/1


https://bulletinofcas.researchcommons.org/journal/vol32/iss12/1

TH EYMERESHEECH

Biosensors & Organs-on-Chips
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ImARIZHT  MESENERNE, RRZEDN, RRIMZMERN
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OFieE EYSHR. AEiEfr. RERMRYSO

EfRE  EMSEHE. FE ARRRESEE

iR R REEHEAT AN, MRBATRERDN, MREYF

5

HI, BEE IR | R N B MM A i 5
i, AR AR @, TR A AL
AR IR ERART |, BRAT 300 27 4kE
R AEFEHATAER ) |, AR — R

ASCERER A= L IR A S e, A4 2 E 1
SEARTR, I AT A R SRR

1 REMEKAT =

1.1 B—RRESH: SHYENLFREERBERK
F3, HEBDSMITZAY
20 {4l 70—80 4FAR, —Jiu, ARAEY KRS T
AR W) R 8 A T 26 W A2 e 1) - R DT 1
ELREE . DU, R . MM, AZUT . BUEY . SEEF

(intact) ‘W8 E (WMshfhsfnsm ) &, ZFAELR
G (ERIREAL A ) A3 A gkl . 55—y
T, REWIALESAER (transducer ) JFIRPELY S} R
L B AEWAE R . Hori s T A4y i 3] 25 Fh
e R B, AL AL R R A
PG SR AL (RO RS ) | e
PRI TR T M A AR IR L X
YR B B, 1SS T AR5, 298
TEYMERGUBUR FRAESE (1) .

BelE A 3 A FRAEMEEM . (1) 1985 44 Y% &
LAl TI¥ Biosensors ( Elsevierti i ) BT, J5H 4K
Biosensors & Bioelectronics ( { W& &5 YT
F) ) BRI AT AR AR T
&, W ERIR G E
& Applications R, ZA5H 60 2L ILFIRT, &
SABBON IR AE YR G EEE, (3) 1990 4, HH
A A G BEAFR RS HIT, UREFERT 1R, W
A UG IR GIR I F AR 2 o X 3 A EEIRE EY
B E &R U HA — 2 MU I FFE s, Anthony
Turner #(#% F 55 7iX 3 g8, KT HEME,

(2) 1987

Biosensors: Fundamentals

12 FZRRESH. HEREEYERAMDNAT F 2
AR E 1L

(1) %R BMEFH LRI . 2014 80 4

X, FEEYSIAH] (Yellow Spring Instruments Inc. ) ST
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it AR AE B R A T R AR o R, BT
WAL — 2538 B o F e R v A AE A~ R . (D Pk
PG 22 0 AR S, U HOR SR AL RG , LU T
YENB T2, TR TAERN (0.7V), K5 %H
b R BRSPS THE, EL, AR AR R AR A
S AT SRR . i, PR Cass HYHIG UL
Ik BRI A S TR AL I L T2 A, eI
M T AR AL T SR S R Z R A% 3, R T H
PR PR BT TR AR S TR IR, BiRR A AR A
R, @ BRI T M, A sy | EA R, HfE
] Z B BT ER S T AR S &, S 2 R
JRFERF ( Cranfield University ) AL ZA 151 T 22 EfI)
HAR, ST R AR R 5 BRI S R AR 14
B AR T FIRMES, AR MERES O
57 (disposable ) BY—URPEMIHIRT & ZHARET M T
MBEIE , ETEEE RS &, I 2 TR fm R
Jlg7al

(2) %@ % & F4tIk (surface plasmon resonance,
SPR) AMERE 2R FAMHr FHRAERFRL. 1
A RRET I b, Tz EE (R Sy
TAEAR . 7ESPRALIEAR A iE 1, HAGDERESN
ST, HOGRE S5 av R T = R AR SR, IR A B
B 5 (R T A A 4000 1 SR DU 407 R RE LA T I
B, JFREARME. WE S FARE Sh A M, AR D
Rt I R U S S e A Y o R T2 Y B
$ Biacore ZE WL IR (B GE A ) CAM AR A
Yoo FAIEAE A RCT R T SR SR, AR A4
AREBEHAAE . U810 455K, ForteBio 2 RIHfEH 75—
FAEAR IC AR ——LE W EOCAR T4 W15 4% (bio-layer
interferometry, BLI) ", %07 AT IR AAR I ey et
MRE R, RS K, JF 5 SPR AR BIE e
GsH

(3) DNAY K £IAR R LGB0 M. LW
(‘biochips ) WIEIFAMEYE . R S (lab-on-

oL

a-chip ) FIARGIIE Fr o Hrp A ILES Bl AR 2 A2
LR i B 2, 20 tH4E 90 AFAR - BLAY DNA K
Fr, AR5 95 B ik T 5 JEOKEOT DNARER, Al —
R ARG 22 B DR 20 (1 F R 1 18T, DTG B 2 A R 27
FEREE T A, 32 Affymetrix 23 740 09 HEAR A
Ak 7E DNA GEREFE el b, R T — R 514
Prth i, WS 2SR RS BT
S5, TN T RIERIG R . T AR Y A )
A5 RIS O A LS T FR 5 B BRI R A
Hi.

RIEHT IR, 2014 4F, AL ALY
4Bk 00 R 129 121 39 {2900, Hiith#] 2020 4
e o Bk ) 225 14 F0 184 12360, E A EW KR
h9.7% F1 316%™, JEHt BT Z 40010 55T
1.3 E=REREEH: BRRAREBATFRALEYE

M RE

20 LK, KRB ARMTIART T WSR2
W, Wm R, 228 MRS gk
RO ALFEF ROV /N RS 200 2 W it B TR0
4 SRR TG SRR AL IR BN GOK R R, S (A
[FIRERE S 9. TEGIR RS, A RS 2 1 Fr o ) A
SRR ERN ARSI R R R . NRGERL
W2 FHOCHIER . AP RESAPERT . )2t s
KA, B, ESRPORERE R, RER AR — AR
FME R (9.5x107°g) M, BPARET A, TEF
— MBI, AR b i T RS ek
ARTAIARAY, , 8 R fE RS T AR AN ) 1 K S 23
@, XL IE B HR R, d T TR
YCHRH AP FPOE B o Re D ekt 2, G
TREFME, HHTC7E A AR5 B A 567 1
PAFZ N

BT DNA S5 2E 95 K03 0 KR KB L
EATEY AH%E, TR AR RS ARSI . SRR
AP R RG> T AL R GE, ARUEBT BRI A 7 it
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1o NN E Z A5 FS ENLIE, X T IR AL A
MG AEER L, A, SEFHRARHA,
DURAEWALRRES , S5 PO RRSS G @2 G R E
WAL IRES R IE A5 T 240 0 v AR 2 e R R T R
KRR EGSREIBTE . OKAE WL ATE 24 K it
FEARAE , LR AR A 2 NG A R i
W5 I7 I

i Web of Science ¥4l /% ( Clarivate Analytics ) 4t
i, A 2010 SRR, AW EAHGIE S 6 T 2R,
20K A W A SRR R P A0 K B R 1 A A% R 38 SR
1 58%.

2 REFERIRNS

21 EXEMEHNERE—FME, Bk

oo YA RS L T R
(AL ) AR A 2 Web of
Science SUARER & B, 1990 47 rp 4 E AL PR 1 &
RS SRR AT 5 HE 1%, 2011 AETF Ul b 5 [ 37 i i
B, 2017 4E LK & e E I 35%, RMRATE T HALE X
(FE2a) , LeCBfe s 5REFTE. WA, £
SR IR SO, o A A S [ SRR R R SRR
RS VRS 2460 (FE2b) o IO, TG SEie SO
DUK, R IR SO, E A O A AT
AT
22 FREHGFERMEBS510, RREUTELIRK

REF

SR, ESREEIF AR BLRA [ 23 © A 7E U Y
UL, T2, R A WAL IR R A
FHENL, PR, PESAF M SR T 3 A
BEE: (1) PRI, X UREEE; (2)
[EMINTINES oY S SNGDS S NS L ETTEIOSE ¢
Wk EZ s (3) GUREORTE D ER R R &, B

“Biosens*”

O k#E, MA@, 2017

1274‘2017&-%32%-%12,3}%

B GAOKBERM N AT B84 | SRR | BT i SR THE
Pt A B PEREA AR, v A s S T8 SORHR
HHREARA K

AU A R AL R 5 T 0T KT T, R R AP
TEC, S Ho HEBSIIEAN: AR B B A b5
Fr ) RSB, O 2R A& R ATz N
HL T35 A 2Rk 90% Lh BV s H43 EE OB
=ik MR BT HEAE N T R RS AT
BB DL R RSO I T WA —EM i . B
Wi, WS RS R M EBRT Y, b
B I ) 2

AT DL, o [ 2 A A P A SR U ot — A AR T )
Ji, WEMTI —RIUECABIRST, 1EF ARG
BB EE G8; RE AT, BT LA,
TEAERTTT 505 AT 3R AR o
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(b) B % e A W45 AR A A & F of ) 3 IECE 69 B IR T
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3 AT RAR SR

3.1 BFRNEMERERTLLINE

AL R R GTREAE SN A A A 2L
AP, (1) ST & . SN E Pbn
SR, I THLAE S b R s ok B I 7 s
ol AT ERFEREZEY . MRS ET
(2) EW7r@. HEREE ., =it8 . WK SEEOR
SRS EEOFER L S N e 5 % SO N N2 SN SRR
Bi. 2 W67 SRR RS, AR
B IEARGS T HUBGE A 0 B GEL i, R A i R T
REHEA T BRI . W32 . fefift . AL
O HTIXLERAE , T LIS ARGEHEIR D« P S A L
PEFTIALATAT, DT T G A0 9 2 R

FURT, AR DI M, PP o5 A FE bR i
TR R T AT IR Je o X SEFE bR i i )
PGSR HEA T BN o 1A WA SR A 5 X R AR AE AR
W, I SERERN (non-invasive ) I A = BBk

NARAAR | Yo 2 25 2 BB o A 76 0 1) 0 5 —
TR . X T — 2055 2 1 W3 A FQIHE b o i
S, B H R MO — AN D B TE A A B, R
SRR RN SR I A 22 L IR L A o AR R Il
T R A 0 2 T AL R ol B RGBS RE RIS A 28 b i
AEE IR, EREIIE AR ERR . E8A
PIAEORESAS . AL AR AR T IE D 2T 1%
3.1 B ML

T LR A E LV B2 E (percutaneous
determination ) , 5 1 T P e 0 S AU (AU A o
(R4 S W ML YRR N, SR YL AL 7 S 96 £ 1
THLEE RS, FEERAE ; A (Google )
5 (Novartis ) 31122 10RE GOR Pl AR B R 7 BRUP R
Bi b B B A s S BN S IE A R REI 2
TP B S A o Rl RR 1 2 e R4
FASEARXERBILASE , I RE 45 2R -5 98 AR L A 4 i e S

ZIANAAR S DL B2k PR SO T BRI, T BT
JE A (W Bl 5 W PRATE 5 . A8 AR Nl R A% 2 38 i i R
B o TP AN AR th A AL B Ly, AR T
FUTFH -3 ) A R e A I AR

312 kFiE

D2 R R ARG XS G 18 3% 23 R AE A T 7
AR B CHUN L . R8Ok vk . JRAL SPR SR, IR
LUAMETE I i C 22 AT T RS . A S 1A
UTLTHMX TR A Wi, (85K F . IR R 21 8 1 4%
WA B, A0, 0 b R RS ORI
B KRS T A e it LU 58 ) A A D= o 1tk
Hb, B IRANZH 2R 5B R A5 R N T 57, A AR AHAE B
MZER, OB AR,

PAEE I 52 W) 3 3 ik KR A L2 27~
BIEE T MR 220k ME MAEHAR . CNOGA 24wl )™
i TensorTip CoG & HA 4 N & 6B OGIR, nl &%
P 600—1 150 nm L. it T4, ARHZHL
AW 23 (37 SO B, ARG A% IR R S 3% 11
AR, [ SR R R, DA ST R i AR
ARG . I R 2 ) FIAR g B, XH &2 ik EAC
AR PEAT AN, AR TR 5 B
. 53— Gluco Track R ZHE ik, 7EH-IEHS
DL SRR PR . BRI AR AL, SR A IR BE
F T ML VRAE AR S ik — FARARAIG, b B R
GRS AP ER NN, 2 2 R BLL 2% B A
PR2e S, XS N e A

P8GR — AR B R, B RHUE K
AR F R, HAN IR T/ FiRsh S5iesh. Bl
KO LR Z LAY 53T 1 H7 2 1% FAE Bl Fidis 2
Bl BT Ko T S U, F8oikiE & Tk
WA LA TR ARG E o PR 2 SRR TE RS
T MBE . R, HEASNSEOAEADRE, W
PR LB A 53 1R B R I SE #1021 S0

IELLAMEIEE, PLECIERRESE 555 . 2 B I E (5 e bL
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e, WER R RN BURBE 2 S5 , T ELACE B S, T
PLSEBRM . SR FIER G s b 2003 (SERS ) Jiiknl LA
A LRI ORISR AE W 00 T4 R AT PR, A
T AR B o A SR B o L3 T ke o A e ZE A A T
IHTERZE T

B, SR AEE R RO, AR T oA ) 1 TR
B TOBE A N E IR RIS ) o AHOCHAR 1Y%
e, B R B PR IR 2B 1
3.2 EMERBEEERNTE

A ) A S A AR 2 Ty T LA T L AR
WESRER . IRREAR AR IR . PR s R AR S A 1
PR IR BE I E 45 . TR N IR I S e, R AR P ik
TATRRRIG R, R AE . R BRI R
BATHITHE, e E AR A, JoBIE S

MBI (AN 2 EL e ) 2l 20 40 i 4 s A% 338 4
AR R, BT AAT AR 6E . s
SR A= 5 R A S, B S BU RO . 21
W AL AR SNIHL . 2420 L NS Sy rhie AR
L HACF S 80 5 AT . RGBS (I
WA B AR L BTR JHEBRR F SR W ) L KSR BUE
FIORG A JCHRT ™ AN I o 22 AT 3 A (1) Bl
BT RAEHHALZE T, 8 TENE, A2 20 73r8h i
WA R . (2) B RSWZAHE (PET) , BT
TRk, AEgast, K (40 250%80) o (3) %
SR, WEMA, B TMAeNE, WEER. i
T2 WA S RGBT, Ao BT
EWBA, MM EYERICHRRR" . DNA B
HUP" . SERL T (Aptamers ) &Y ST EDIEY)
(MIPs ) MR 245 . SRR AR AT DAE— 255080
TG, o Bt 2 S AT i AR M 0 o T S R
FEI7 I

L 2843 ) At AR P 0 2 7R B X 5284 NO  (H
HEFEE ) P SRS O/ (Phgid ik ) 4520,

Jeii 4% (Optogenetic ) FAR A Al fig F T % &

1276‘2017&-%32%-%12,5}1

T A 5 1 A= AR IR FE AR 2 Y G AR B Z AR
(GPCR) fR5dfith, HZMEII 3 FOURZ TS
S5EH, & (Opsins) . JGIEMER . 0T
PSRN, ENEUE KRR, SUEREKNEHAY. 75F
JCIREZ AN S5 7 A G 8 A, il GPCR {75
o SEDCHE IO, SSIAEESIIER, K
AR P2 T Bl ORI 28 0T LA 43 T2
TLIRRAR 2
3.3 DTEYMERSHARS FRAE

O T A IR DN A B 8 11 JR 45 2B W Koy 1
3 5t A A B DNA 5 )l AR A B R 1 SR UGS
S N i S 71 = 1 o) Bl 7 e 74
METAAZE: HTEl (MB) P SO RS
(FRET) "7 ARt R RS (BRET) PRI
SFIOLTANRS (BIFC) ™ BTl A &t 5
b RN B8 M AR AR A 7R B b 2E ) 3 T T 2
M e . BRI . ST RZ AR AR . 4T
A W PRI | 20 A R T 40 A 45 AL X PR AR AL
HMEAE IR RTINS0 o4 Y AL R 5 8 43 3%
BMARGHEGE A, BEME SIS T 1 BRI Y,
X IEALGE 0 LR WG B E LA S, X AR R E i
MHEK, HEG, B RAGORAE W A e R,
A2 9 3T AR 43 5 R N 5 1 S R A S
PBR (200 nm ), AAATTE T 48 A P SR g 5 25 53 R Y
G F AR, AR PR
34 YR IEIENELEE

A=) B TR AR G ok A B IR U . A R
SR AE P Tk L 2 e AR T A R i
ARG R AR EEE L. O&
ST WAL SRR I SR, RS A
Wik AR . AR 7 LM A SRR A,
BT AEAE W) A AN 32 A 0 S i PR S B e U v TR 2K
PEIREE . H AT W 2R A A P R AR R
HORFEST ( XFR “BSLRA M ), s IRRH M [k
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O3MTe MEAHh, TR AIE ARG, XY EAR
P ARGt U IRI M o i M5 1A 2 T Bk i 2k
(cascade ) MR AR k2 A0 MU A= W IR B, 81T
RESE M XA IR A W) S RO e LR M 5 A ) SR
TARN AR H AR SRS A, AR,
35 EMERESHFEN

A A TR e DR AR 485 1 R ) R T 33 R
G . RN KA RIERR SRR (F
L. EAIES) ME, T5KALIET 2 B 8 br
W, A A, Sy BN B g i B
Gk, AWy B AR, R R R AR A Tk
W, RERRIRAEE (A . TR . AR ) B A RIER
SRR, EEAE AR BRI B AN ( point-of-care
testing, POST) Wi4f%5. BEHE AMIA WG BTE AT, A
Kt SRR B
3.6 EMERITHMIREMHAR

WA T RO R E P22 AT SR HL Tz N A B
BIRBIA R, BEA SR (1) @i
R B LR R THE Y T R E s (2) WER
PR AL 20 M T 0 R E MR, TR A A I

BUROTIF;  (3) TEAEYBUZTTIT YA A IS e 77 #
B, DUER B R firs  (4) MBUIEG S i

FORBUCKIREGF S, B TRE ARG, (AR5 T
feiEtts  (5) BRRIERC T (aptamer ) RIRRETELTHA
BT, BAE—2e G UG IR THUoe
(6) FIHITCHLA AR ) S A U R IRl ( F2 22
SERL A ), O E A AR TR

4 35 BARBRMNFRRX, KMEY
FRIARNEES5I9, HERHER

e, BEESG AR, ATAT KPR
A S AT UL, BTtk A e fl, A
VRGO AR L O ML P S AR A B T B 1
o Besh, WAEREIRET R A AR PR T A (R

B et o, ik, EZEMAAT ( “fERET
20307 BRI ) , fdRerbE BT R E SN, S
AR A8 1) S, DRI A6l A W A5 AT 5 3R A5 B
MBI R | RS . BRI 2R
FEARIR M 545 POCT ., mREERYT 5 MARILIETT |
A HIEETS YL A, KRR R R IAE T .
W, HESCIR G SR e T 48 T R B G TE I 5
ED
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Biosensors: 50 Years Development and Future Perspectives

Zhang Xian-En
( National Key Laboratory of Biomacromolecules, CAS Center for Excellence in Biomacromolecules, Institute of Biophysics,
Chinese Academy of Sciences, Beijing 100101, China )

Abstract  Biosensors are the devices made of biological elements and physical or chemical transducers for fast and specific determination
of biological or related substances, of which is a typical convergence technology. Biosensors have broad application prospects in life science
research, disease diagnosis and control, bioengineering process control, agriculture and food security, environmental quality monitoring,
biosafety and biosecurity, etc. 50 years after its birth, biosensor technology has entered a new phase of vigorous development. The main driving
forces are the introduction and implementation of the concepts of One-Health, Internet of Things, and big data. Research hot topics include
wearable and portable biosensing for point-of-care testing (POCT) and home care, noninvasive analysis, in vivo analysis, online analysis, field
test, ultra-high temporal-spatial resolution, and single-cell biology. Technical challenges vary in different application scenarios, among which
the thermal stability of biosensor recognition elements is a major concern, which is to be overcome by finding new solution. Literature statistics
indicates that the Chinese researchers as a whole have made dramatic advances during the past two decades and now ranks top in terms of both
paper number in total and the number of high impact papers. However, these do not mean that China is taking the lead in the field. Achieving
academic excellence and exploring the global market will be the next goals for the Chinese researchers and industrial sector.

Keywords biosensors, One-Health, wearable, noninvasive, in vivo analysis, molecular biosensors, nanobiosensors, ultra-high temporal-spatial

resolution
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