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Supplementary Note 1: Theoretical treatment of laser trapping
	Because the targets (possibly clusters) in this study should be much smaller than the wavelength of the trapping laser (λ = 800 or 1064 nm), they can be regarded as electric dipoles according to Rayleigh scattering theory. In this case, the optical force (Fopt) that acts for the electric dipoles can be calculated using Lorentz force.1 Assuming that the targets are transparent to the laser wavelength, Fopt is expressed as follows:

Here, E and B are the electric field and magnetic flux density, and α is a polarizability of the target, described as follows:

where, r is the radius of the targets, ns and nm are the refractive indices of the targets and the surrounding medium, ε0 and εm are the permittivity of vacuum and the relative permittivity of the surrounding medium, respectively. 
The first term, eq.(S1), is the gradient force, which acts towards the focal spot, while the second term is the scattering force, acting in the direction of the laser propagation. To achieve stable laser trapping inside solutions, the magnitude of the gradient force must exceed that of the scattering force. Empirically, stable trapping within the solution occurs when the optical potential created by gradient force (-α/2·|E|2) becomes 10 times larger than the energy of Brownian motion (kBT, kB: Boltzmann constant, T: temperature).1, 2 Meanwhile, in the laser trapping-induced crystallization experiments, the laser beam was focused at the air/solution interface, where both gradient and scattering forces contribute to the laser trapping. In this scenario, the optical potential required for stable trapping is expected to be lower than that in the solution. 


Supplementary Note 2: Estimation of solubility of L-Cys crystals in D2O
[bookmark: _heading=h.30j0zll]Since the solubility of L-Cys in D2O is not well-established, we conducted solubility estimations. Our group had previously measured solubility using saturated solutions prepared by extended incubation (e.g., 1 week).3, 4 however, this method is not suitable for L-Cys, because prolonged incubation of L-Cys in aqueous solutions (e.g., 1 day) leads to the precipitation of "cystine" (Supplementary Figure 7a) due to oxidization.5 This oxidation likely contributes to the wide range of reported solubilities of L-cysteine (L-Cys) in H2O (0.027–1.4 mol/kg at 20–25 °C).6, 7, 8 Therefore, we estimated the solubility of L-Cys in D2O as follows:
1. We prepared several L-Cys/D2O solutions with varying concentrations.
2. A single L- Cys crystal was added to each solution.
3. Crystallization behavior was observed for 2 hours.
Supplementary Figure 1 shows the crystallization behavior of L-Cys in solutions with concentrations of 1.13, 1.16, and 1.20 mol/kg. The crystal dissolved in the 1.13 mol/kg solution and grew in the 1.20 mol/kg solution. At the intermediate concentration of 1.16 mol/kg, the appearance of crystals remained unchanged. Based on these observations, we estimated the saturation concentration of L-Cys in D2O to be 1.16 mol/kg. To avoid “cystine” contamination, solutions were used within 5 hours of preparation. Under this condition, Raman peaks corresponding to "cystine" (Supplementary Figure 7b) were not detected during laser trapping experiments.


Supplementary Note 3: Measurement of Raman spectra of L-Cys crystals in D2O.
L-Cys has two polymorphs under ambient pressure: a stable form denoted as the β-form and a metastable form described as α-form.9, 10 To investigate laser trapping-induced polymorphism, we first characterized the Raman spectra of L-Cys crystals in D2O without laser exposure, as these spectra have not been previously reported to our knowledge. Previous studies have shown that two polymorphs of L-Cys can be crystallized from H2O solutions at different temperatures,11, 12 although the exact transition temperature of two polymorphs remains unknown. To prepare these two polymorphs in D2O, we prepared supersaturated solutions with a concentration of 2.63 mol/kg (supersaturation ratio = 2.26 at 25 °C) at 90 °C and incubated them at 32 and 42 °C for 5 hours. At 32 °C, two types of crystals initially formed: rectangular and hexagonal. The rectangular crystals gradually grew while the hexagonal crystals dissolved, with the rectangular crystals eventually becoming dominant in solution. Conversely, at 42 °C, only hexagonal crystals grew. These crystals exhibited distinct Raman spectra, as shown in Supplementary Figure 2, indicating that the rectangular and hexagonal crystals are the stable and metastable phases at room temperature (~25 °C), respectively. Our results also indicate that the transition temperature in D2O is above 32 °C. This finding is plausible considering that some amino acids have transition temperatures around 40 °C.13, 14, 15


Supplementary Note 4: Estimation of temperature elevation by 1064 nm-laser irradiation
	Several studies have reported methods for estimating local temperature elevation at the laser focus during laser trapping experiments.4, 16, 17, 18, 19 Here, we briefly summarize one such method. The local temperature elevation coefficient (ΔT/ΔP [K·W-1]) is known to be proportional to the ratio of the absorption coefficient (α [m-1]) and thermal conductivity (κ [W·K-1·m-1]) of the solution.20

The absorption coefficient of the solution at the wavelength of the trapping laser (1064 nm) can be determined by measuring the dependence of transmittance (Ttrans [%]) on the optical path length (l [m]).

Supplementary Figure 5 shows the transmittance of the L-Cys/D2O solution (0.97 mol/kg) at 1064 nm as a function of optical path length, measured using an absorption spectrometer (V-670, JASCO). From the exponential fitting curve, the absorption coefficient was determined to be 0.79 m-1, which is comparable to that of neat D2O.4, 17, 18 Assuming that ΔT/ΔP is proportional to α/κ and κ corresponds to that of neat H2O (0.59 W·K-1·m-1), ΔT/ΔP is estimated to be ~ 1.3 K/W.



Supplementary Note 5: Solubility of L-Cys crystal in H2O
	The solubility of L-Cys crystals (Ce [mol/kg]) in H2O as a function of temperature (T [°C])6 was well fitted by a quadratic function in the temperature range of 10 °C to 50 °C.

From this fitted curve, the solubility at 25 °C and 27 °C is calculated to be 1.55 mol/kg and 1.61 mol/kg, respectively. Therefore, the increase in solubility between these temperatures is 4%.


Supplementary Figure 1: Morphological evolution of β-form of L-Cys crystals in undersaturated solutions
[image: A collage of images of a wooden plank
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Supplementary Figure 1. Time-lapse images showing the behavior of β-form of L-Cys crystals in D2O solutions with concentrations of 1.13, 1.16 and 1.19 mol/kg. The yellow dashed lines indicate the initial crystal morphology at 0 h. Scale bar: 1 mm.


Supplementary Figure 2: Raman spectra of α-form and β-form of L-Cys crystals in D2O
[image: ]
Supplementary Figure 2. Raman spectra of rectangular and hexagonal crystals in D2O solutions. 


[bookmark: _heading=h.1fob9te]Supplementary Figure 3: Influence of CW laser polarization mode on L-Cys crystallization
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Supplementary Figure 3. Dependence of crystallization probability, induction time, and polymorph on the polarization mode of a CW laser. The laser intensity was set to 61 MW/cm2. Eight samples were tested for each condition. 


Supplementary Figure 4: Raman spectra of L-Cys in D2O solution
[image: ]
Supplementary Figure 4. (a) Raman spectra of L-Cys in D2O solutions at various concentrations. The spectra were normalized to the peak intensity at ~ 1870 cm-1 observed for the 0.97 mol/kg. (b) Calibration curve showing the relationship between Raman intensity at ~ 1870 cm-1 and L-Cys concentration. 


Supplementary Figure 5: Transmittance of L-Cys/D2O solutions as a function of optical path length
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Supplementary Figure 5. The transmittance of the L-Cys/D2O solution (0.97 mol/kg) measured at 1064 nm as a function of optical path length. 



Supplementary Figure 6: Re-switching to HRR fs laser irradiation after sufficient growth of the α-form crystals
[image: ]
Supplementary Figure 6. Crystallization behavior induced by re-switching to HRR fs laser irradiation after sufficient growth of the α-form crystals. The entire images are filled with α-form crystals. The green arrow indicates the β-form crystals. Scale bar: 50 μm.


Supplementary Figure 7: Sample cell used for laser irradiation experiments
[image: A clear plastic ring with yellow text
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Supplementary Figure 7. A sample cell used for laser irradiation experiments. The cell was assembled from a glass ring (5 mm in height, 15 mm in inner diameter) and a cover glass (32 × 24 × 0.17 mm).


Supplementary Figure 8: Image and Raman spectrum of cystine crystals
[image: ]
Supplementary Figure 8. (a) Image of cystine crystals obtained from the solution incubated for 1 day. The scale bar represents 5 mm. (b) Raman spectrum of cystine crystals. The strong peak at 497 cm-1 is characteristic of cystine and is attributed to the S-S stretching mode.21, 22, 23


Supplementary Figure 9: Optical setups for laser trapping experiments
[image: ]
Supplementary Figure 9. Optical setup for (a) continuous-wave (CW) laser trapping coupled with Raman spectroscopy measurement system. (b) Optical setup for high repetition-rate femtosecond (HRR fs) laser trapping and CW laser trapping. HWP: half-wave plate; QWP: quarter-wave plate; PBS: polarizing beam splitter.
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