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A Colorimetric Sensor Based on Iron Porphyrin Hydrogen-bonded
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Abstract: Iron tetracarboxyphenylporphyrin was used as a precursor to prepare an iron—porphyrin—
based hydrogen-bonded organic framework that was further modified with gold nanoparticles and a tet-
racycline-specific aptamer. Relying on the peroxidase-like nanozyme activity of this material, 3, 3',
5, 5'-tetramethylbenzidine (TMB ) was catalytically oxidized to produce a color response in the pres-
ence of H,0,. The modification of the aptamer enhanced both the catalytic activity of the nanozyme
and the selectivity of the assay, enabling highly sensitive and selective detection of tetracycline. The
experimental results showed that rapid colorimetric detection of the target analyte could be achieved
using ultraviolet—visible spectrophotometry and smartphone-based color acquisition. Smartphone-
assisted color reading enabled intelligent visual detection of tetracycline. The developed method ex-
hibited a good linear relationship with tetracycline concentrations in the range of 0. 000 5-800 pmol/L,
with a regression coefficient(7*) of 0. 996 and a limit of detection(S/N=3) of 0. 49 nmol/L.. Moreover,
it demonstrated favorable selectivity, with spiked recoveries ranging from 85. 3% to 100%. Owing to
its simple operation and low cost, this method provides a novel strategy for rapid visual detection of
tetracycline in feed, demonstrating potential for practical applications.

Key words: tetracyclines; iron porphyrin hydrogen-bonded organic frameworks; aptamers; colori-
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Fig. 1 ~ Schematic of the colorimetric sensor based on gold nanoparticles and aptamer-functionalized iron porphyrin hydrogen-

bonded organic framework nanozyme for TC detection
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1 SEIRERS
1.1 MiE5FE

FeTCPP(95. 0%, LR b=RH AR AR]), S48 (HAuCL, 99.0%). 3, 3', 5, 5/-PUHIA
IR (TMB, 99.0%). N, N-_HZEHEENZ(DMF, 99.5%) . WURRZE(TC, 98.0%)( bighmh T A4k
FHEHRA T, VKESER (CH,CO0H, 99.5%, KHEE FREMLTARLAR), &EFH(98.0%, LifFH
Wram AR T]), H,0,(30%) . MR (CH,0,-H,0, Z34ral) . 8L (Arpra) (CRE RSk Ab 2
RAEBRAF]D) o $FEIDEE IR ZAZIRERELAA (57 -HS-C,CGTACGGAATTCGCTAGCCCCCCGGCAG
GCCACGGCTTGGGTTGGTCCCACTGCGCGTGGATCCGAGCTCCACGTG-3", HS-Apt), i FigA: TAEY)
HRZE A, ZHPLC 4k,

1.2 (/&%

TG16 B 5 OB (B 75 G DU ES A R 2 ) ), UV=-2700 28 UV-Vis 736061 (H AR S 4
A)), KQ-300DV %8 i i i e s (R T A AR F)) . Shimadzu FTIR-8400S Z{Hf BLiH- A
PAIMEEAL(H A HE2 \]), Talos F200X 25 73 HEi% 5 LS . K—Alpha 2 X ST 20 i F-RE RS A (SE ]
Thermo Scientific), SmartlabSE % X HH 175X ( H 2= Rigaku) .

1.3 RM A H & KRS B EF

4 30. 0 mg FeTCPP % f# T 9. 0 mL CH,COOH, #EY)—)5, BT 15 mLagFmBEHF, 80 CRMW
2do BOURRGIES S TS E FeHOF #)7K . FRELS. 0 mg FeHOF, MR HT 5. 0 mLZ&IBH/K
FREL19. 0 mg NaBH, AT 5. 0 mL 7&K, ECH% 0. 1 mol/L i) NaBH,, ¥ces H o FH RS TOM v i 2 B
250 wL 1% #) HAuCL,, JINZE]FeHOF B0 3 | min J5, BRI NaBH,, JIN LR iR AV,
RO AR L S AR L3, 5 min 21V . B3 FEAE 10 000 r/min 557F T 550084 3 k133 FeHOF@Au
AR, BHETESH ., MEFRFRELS. 0 mg FeHOF@AwKY A, Z3H0T 5. 0 mL 818K d, BHI k1.0
mg/mL i) FeHOF@Au fifi i . B 1. 5 mLA% & 5 100 WL 8 1 pmol/LAZRERARIFRIR &, 4 ChtdEd
W], BMisEE, BOotkdk, BIUEEHSECT 2. 0 mL BEEE -BEFRANZ b s, 1533 FeHOF@Au-
Apt 5B
1.4 LBERERNEE

5% FeHOF@Au-Apt (750 L, 0.7 mg/mL)MRIKMANZE] 24 FLARHT, SR 545 A ] i B 1) TC I
(200 wL) ONZE] SRR, BRI 1 mL ) TMB %4 (0. 01 mol/L) #1200 pL i) H,0,(40 mmol/L) ,
SN 3 min f5 MERER ARV, ARSI T 3 AT E
1.5 (AR mBTLE

FRELEZ 2 o fel, KETMZ0.002 g, BT 50 mLZ.OEH . FEHHIN 20. 0 mL EDTA-Mcllvaine ZZ i
(0. 1 mol/L,, pH4.0), WAHERA 10 min, #AEFEH10 min J57E 10 000 r/min F &0 10 min, 8 L iHR
BB BRI A 20. 0 mL A1 10. 0 mL EDTA-Mcllvaine 25 0P 4 3R U K, A 353 Ik BT
Wi, 18%); H EDTA-Mcllvaine Z2 M E 252 50. 0 mL, 220. 22 wm JERI U85 At b A A% 0 2 o 1)
& 3 B bR BB IINAS ] R TC YT, R0 S Bt St B AR [ iR

2 SRS

2.1 R PHIRAE

X} FeHOF 5 FeHOF@Au AP EH ROWTESR 2544 HEAT 7 3RAE . 3 8 (SEM) A ST BB (TEM) 2R
PIEYIRSEZ 1 pm Y 5) 4546 . ASEM B (B 2A) o] LLE H FeHOF S BURUEE R Rk ahie o JRAL G
A AuNPs J5 , W] i i & 2] FeHOF J7 v b 23 A 47 AuNPs JURL ([ 2B) o i@ & SEM-mapping B 52 T
FeHOF@Au Ak, WA R ZMEIH C. 0. N, Au, Fe AFfERAN, HE LR L0 (K
2C. D). REROEIXSEIEHE (EDX) B (B 2E) A B T F e RN E & &, IWE LG Bt
BLC. N, 0. Fe. AulEFHE 2 E 4514 78.12%. 9.00%. 12.06%. 0.47%. 0.34%, FeHOF 5
FeHOF@Au 1) TEM 4 (8 2F . 2G) 45885, FeHOF MRS HN 0 Ak 4544, FeHOF@Au 1 40 A
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TEHEM A (D) ; FeHOF@AuEDX K (E); FeHOF(F), FeHOF@Au(G) i) TEM [&]
Fig. 2 Scanning electron microscopy(SEM) images of FeHOF(A) and FeHOF@Au(B); SEM-mapping plot of FeHOF@Au(C)
and C, O, N, Au, and Fe in FeHOF@Au(D); energies and elemental contents of FeHOF@Au determined using energy-
dispersive X-ray spectroscopy(E); and transmission electron microscopy images of FeHOF(F) and FeHOF@Au(G)

i R A0 DG RE T (UV-Vis) FUE B AR W 21 4N 1% 3 (FT-TR) XK 4R e 24 e i A7

o RNRRAL SR 22 50T WOCIX BARHERIL, B 3A a2l FeTCPP )5 ANRIKIE, FeHOF(b
M 2R ) FE 420 nm A0 B T 58 Sort 1R USIEN ) FeHOF@Au(HH 2% ¢) 1Y Sort HAHEE T FeHOF % A T EH Y
Wits, HAEST5 nm AR T AuNPs AURFEN IS, GIERH AuNPs 7130 T FeHOF F " . B 3B Ak
FT-TR il RAF L5 5, FeTCPP(H1Zka) 16 1 634. 7 em™ AbHYWZISCIEAR 3R, VKT FeTCPP 35 ik BT
(INZEER . WHERERR) BB 2R3, 3 431, 1 cm™ RIS S BRIE () O—H H45dR3N . FeHOF (£
b)7E3 400~3 200 cm™ Y TEWESE I, (GREERBIAS L, HREL RIS (O—H---0 &) g Rsh, W7
LRI Ttk RO EERHESRIE AL, 2 921. 8 em ' ZbAYSSIE, WIREIET & ol f b ik B O BETRIR C—H
MgERsN . 18 3C J FeHOF 89 X HHRGHLT-RERE (XPS), Z5HBERC 1s, Nls, O 1sFl Fe 2p FHFIE H B
1E FeHOF ) XPS ik, FF AU S A YUELL AT RA N, 456 FT-IR H O—H---O S P 4adR
NAIESE, HE—HUESE T EEEZRAIE R . X SR AT (XRD) (I 3D) Hruf L& H FeTCPP I 58
HIREEAE, RN SR LS, FeHOF AR RTEISE, I 2885 .
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Fig. 3 UV-Vis spectra(A) of FeTCPP(a), FeHOF(b), and FeHOF@Au(c); Fourier—transform infrared spectra(B) of
FeTCPP(a) and FeHOF(b); X-ray photoelectron survey spectra of FeHOF(C); and X-ray diffraction patterns of FeTCPP and
FeHOF(D)
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2.2 LtBEEREIEHR

AA HANEME BRI UV-Vis B, 2530 8R, FeHOF@Au i) 4 % AL TMB-H,0, iZ 4 )i oxTMB.,
YR RPAFEAETC Y, FeHOF@Au-Apt i] #E— 3R FHEAL AL, RBA 652 nm AbWEISC0G i 5if B I & 44
M, A TC B H RTINS S TR . B 4B M AUKER K RFEUE, TERMER AT, 401 T AN
TMB & T 130 11228, 4558 %R, FeHOF@Au-Apt %f TMB [ K,=0. 407 mmol/L., FeHOF@Au-Apt
1ETC(100 wmol/L) FELE F % TMB i K,=0. 350 mmol/L, K, {H#A%, FEBIAKEE 5 Y2 b i S5 7k
5, FeHOF@Au-AptZ5& TC G, K EEAR, IR EAEESNGERT, 58P TMB 4556801 F 5,
4CHTC, FeHOF@Au-Apt, FeHOF@Au-Apt@TC ) Zeta HLNZE, Zeta HLN S RAERAR /M BILA R FaE
PER) T BE bR, BB ASURL T BT o CEEE TR -G TR BN % vV W AR A R TC A R4y IE HL A, B
FeHOF@Au-Apt TEZ5 5 IE ML TC )G, S B35 sg , IESEPI &k T A EAEH . B 4D Ri%
AL IR R ) B AL HDR B E . IRERAER FeHOF@Aw B 280 S bl is 1k, 2ok
JET FeHOF B 28 () Fe VR TEN AR, FERRPESRAE T, Fe il 285 M iK1k H,0,. 1 FeHOF@Au-Apt
LA TCRE, KAEMSAL, MAAEIZMER A TR eI Eas ), W T2 R, [, w0 I e
B TC s A T @B AR AR rAer, FRAIR T ST PR A A B B RE 22 AKX IS4 TMB ) 535
Fass AL RCRIETE, B8 T oxTMB 7E 652 nm ALHIWL G, e SEBLTC ) i 53 SR

A &0 FeHOF@Au-Apt+TMB+H,0,+1C B .
FeHOF@Au+TMB+H,0, 251 K =0.407 mmol-1.
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FeHOF@Au+TMB E e
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E e
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2 = 157
= 02 =
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(B); TC. FeHOF@Au-Apt, FeHOF@Au-Apt@TC [ Zeta HLHZIEI (C) ; 3T FeHOF@Au-Apt (1 b f0 4% s il A 4 5L
iR EE (D)

Fig. 4 UV-Vis spectra of different systems(A); Michaelis—Menten constant plot of TMB for FeHOF@Au—Apt(a) and Fe-
HOF@Au-Apt in the presence of TC(100 pmol/L) (b)(B); zeta potential plots of TC, FeHOF@Au-Apt, and FeHOF@Au—
Apt@TC(C) ; and schematic of the color-enhancement mechanism of the colorimetric sensor based on FeHOF@Au—Apt(D)

2.3 MIRRSEMNFAXE LGN

IMAAFERREER TC, MRS N 28400 DLOGBE (B15A) , M UV-Vis BT LA HFEE TC K
FEFHET, FREW M WO B R g . DL TCIREEAREAAPR , 652 nm AW EE A PN AAbRAE B 45 21 &
5B, 7E0.01~500 wmol/L G N, WROGEERE TC IR BT i 52 B3, (HARCuR B Bl i ik B B ek
KA BRI B AN By LA 7 RE, FETCIRIE 0. 01~1 wmol/L B ZEMESE R A y,=0. 192 9c+
0.272 1, r*=0.997, HHEAGHHFR (S/N=3)40. 82 nmol/L, 1 FAKHE TC H)E BRI . 75 TCHE 1~
500 wmol/L B 26 5 2241 y,=3. 917x107c+0. 475 2, °=0.993, 5K R 40,41 wmol/L, W& M T 5
W TC 11 A
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Fig. 5 UV-Vis spectra of the colorimetric sensor for tetracycline (TC) at varying concentrations(A); plot of absorbance of the

sensor at 652 nm vs. TC concentration(B)

2.4 MIRERENEREFIIRGBEZER
BBETFHLEL G BAR R BB JE B ) A2
1

AT e BOE B, B — YR T TR
WS A o AR S0 I B RE T LI S B AR

PR A AR BUA TR B RGB, LR R R .
WE 6A iR, 7E0. 000 5~800 wmol/L TC i i [
W, BB RE G TC R HE INIZ i h T i A
FREE LS, FHTFHLEG R+G+B {5 TC ¥R EE i WL
EAEEIS R E 6B, MWE U] LIE H R+G+B 5
TC ¥ BE W H (8 2R &R, ZRPk Il 5 fE
y,=349. 7-19. 82lgc (#=0. 996) , Z5it+5 a] 1546 Hi R
(SIN=3)430. 49 nmol/L. FHAW Tk THAE(FK 1)
UL, AR SO iR IN J vE BR VTS T L K
HBRARAY I
2.5 FEREEMETEMN

Ry T 7% ¢ P ST b AR AT RREE X TC By PR
LIEFABER(CAP) . EEH(OTC) ., WIHEH
(FF)3 i WLt Z 250, DL S AR 8 (MgCL,) |

‘' 900000000000
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B
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4004 r=0.996 . o
- 40
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320,
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2801
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FEl6  MIANAEAEE TC SOV A FHLIA B AIE (A) 5 1%
JEEETF IR R+G+B A5 TC IR B M LM R
(B); JFiKIEFELRR(C)

Fig. 6 Smartphone colorimetric images of the reaction solu-
tions with varying concentrations of TC(A); linear relation-
ship between the R+G+B values from smartphone images and
the logarithm of the TC concentration(B); and selectivity in-

vestigation of the proposed method (C)

BRIERES (CaSO,) SRR W i/ I vl BE T4 b7 5850 . IREEX A 100 pmol/LIN TC, EEEHE . X,
BRI . FAEE . ERE R 1. 47 BRI Y, BEE, BE e A TS R+
G+BfE. ME6CHIR, Z A LRGESON TC /R T S, R+G+BAE A 316, Mkt HA TP mi
R+G+BE =500, UESE T R b (e % TC MR

1 AW HAR T RN TC B PEREELEL
Table I ~ Comparison of analytical performance of the proposed method for TC detection with other reported methods
Detection technique Linear range Limit of detection Reference
PEC 0. 1~1 000 pmol/L 0. 92 pmol/L [18]
LC 10~500 pmol/L 2. 67 pmol/L [19]
ECL 0.224~1. 953 pg/mL 0. 08 pg/mL [20]
CV 0. 1~10 000 nmol/L 9. 79 pmol/L [21]
FL 0~42. 86 pwmol/L 0. 42 pmol/L [22]
COL 0. 000 5~800 pmol/L 0. 49 nmol/L. This work

2.6 fAFHEmINE

T RAE R AT SRV, ARSCRPEA FIH B TChREEE NS T 5 AR RS, bR S A T
ER YR AR E R, R N Bk R R S S AR T IR AR
M ARAFER A 555 282 45-2020 (fppbh L& s IR | @F %K. ZVWHRRNE B G5 - R R EUY
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) e BV A0S - H BT RE E (LC-MS/MS) BEA TR, X ZE RN 2 BRI SR 45 SR v LIAR
LB A% SR O A A i ) A D 8 SR 5 B A T bR v VA £ 1 — B I R T B R I 2 SR — 8, iR
85. 3%~100%, T BAThREEEAE (o i — B BT ik i bR el Isc

F2 PR S IIbR LG Ah R

Table 2 Results of feed samples spiked-recovery

Sample The sensor in this work LC-MS/MS
Number Added/(pmol L") Found/(mol-1.7") Recovery/% RSD/% Found/(pmol - 1.") Recovery/% RSD/%
1 1.00 0. 89 89.3 5.3 0.92 91.9 2.4
0. 100 0. 094 93.7 3.8 0. 099 98.9 1.9
2 1. 00 0.90 90.3 0. 60 0.82 81.5 1.1
0. 100 0. 091 90. 6 1.7 0. 083 82.9 1.8
3 1.00 1.00 100 2.3 0.98 97.9 0.70
0. 100 0. 095 94.6 3.7 0. 106 106 0.40
4 1. 00 0.96 96.3 4.3 0.99 98.7 0. 80
0. 100 0. 100 100 12 0. 101 101 0.20
5 1.00 0.85 85.3 5.8 1.01 101 3.3
0. 100 0. 087 87.3 3.5 0. 104 104 0.70
A
3 & 1

AT T — R G AN R A I i P ) B R B HLHE 2R 4 OKIS (FeHOF @Au-Apt) , Jf:
T TCI IR IZ ARG FAL SRR R BL, WER T TC H BRI T b TC YD . R
F S PRI o 4G R RE T LI BSh RER FALIR A RGB B, SEBL 10 TC B R REFHL T (LA
HARGFR S A E, IOAERIE | ARk v DU PR3 A 5 B DR 5 2 e BT 2R o Rk D SR, oA v Pk g
DOKBEIL AT 6 SRR IS S HORI SR IS it 1 20 B o

SE
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